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SOME OBSERVATIONS ON THE EFFECT OF SULPHANILAMIDE 
DERIVATIVES ON THE DEHYDROGENASE SYSTEM OF 
RESTING E. COLI 

A. N. BOSE AND N. RAY 

From Bengal Immunity Research Laboratory, Calcutta 
(Received for publication, September 26, 1946) 

That sulphanilamide derivatives act by competing with metabolites (i, 2) or 
interfering with certain bacterial enzyme systems, particularly the respiratory 
enzymes (3), is now generally accepted. It is also observed during chemical reac- 
tions that one of the hydrogen atoms of the — SO2 NH: group in sulphanilamide is 
very reactive. As a matter of fact, various compounds have been obtained by 
replacing this hydrogen by suitable groups. This change has not only enhanced 
the bacteriostatic activity of the compounds concerned but has also widened the 
range of activity against various organisms. Indeed, it seems that this particular 
hydrogen atom may be the factor in determining the activity of the compounds. 

Quastel showed that bacteria in their resting phases, do not decolourise methylene 
blue, but in the presence of succinic acid and other substances (which by themselves 
have no such action) they are powerful decolourisers. Obviously the resting bacteria 
cause certain changes to occur in the substances so that the latter donate hydrogen, 
which, in turn, reduces methylene blue. 

In order to study the reactivity of the mobile hydrogen atom of the — SO- NH: 
group, a number of experiments has been made with sulphanilamide and some of 
its derivatives on the dehydrogenase activity of Escherichia coli, using the organism 
in the resting phase. 
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Experimental 

The technique employed in determining the reduction of methylene blue by 
test substances was essentially that of Quastel (vide supra) with slight modifications. 
In preliminary experiments, it was found that young cultures did not reduce 
methylene blue even in the presence of succinic acid. On the other hand, cultures 
of more than 7 days’ old were powerful hydrogen donators even without succinate 
(vide Table I). Ultimately, emulsions were prepared from 48 hours’ old culture 
of B. coli in tryptic digest broth, after centrifuging and repeatedly washing the 
culture with normal saline. Firstly air and then nitrogen was passed through 
the final emulsion just according to Quastel. Opacity of the emulsion was deter- 
mined by means of Brown’s opacity tubes and the volume was so adjusted with 
normal saline as to compare with an opacity of 8. The emulsion was then preserved 
in the refrigerator. One per cent, solutions of sulphanilamide, sulphacetamide and 
sulphanityl-benzamide in water were prepared. Sulphapyridine was made up to a 
strength of 45 mg. per cent. Mixtures for assay were made in Thunberg’s tubes, 
with Keilin’s modification. Vacuum was created by connecting the tubes with a 
"cenco” pump for 5 minutes. Methylene blue was placed in the side tube and 
added only when proper vacuum had been attained. The tubes were incubated in 
a thermostat at 45°. A control experiment without the addition of the drugs was 
done with each set of experiments. The results of the experiments are recorded 
in Tables I and 11 . The figures are the averages of at least three experiments. 

TABLE I 


Dehydrogenase activity of cultures at different periods of time. 


Emulsion from tryptic 
broth culture of E. 
coli after 


Constituents 

Thunberg’s 

of mixture in 
tubes in cc. 


1 

rt 

•c 

Opacity 

i 

Emulsion. 

Phosphate 

Buffer 
(/>H. 7.2) 

Methylene blue 
(1:5000) 

Na-succinate 

M/ TOO 

t 

Saline 

1 

Time of decolo 
tion in minutes 

24 hrs. 

8 

I.O 

2.0 

0.5 

1.0 

2.0 

No change 



I.O 

2.0 

0.5 

Nil 

3-0 

1 p 

48 hrs. (1) 

8 

I.O 

2.0 

0.5 

I.O 

2.0 

I 3 -I 



I.O 

2.0 

0.5 

Nil 

3-0 

No change 

(2) 

9 

I.O 

2.0 

0.5 

I.O 

2.0 

10. 1 


I.O 

2.0 

0.5 

Nil 

3-0 

No change 

(3) 

8 

I.O 

2.0 

0.5 

0.5 

2-5 

15 


I.O 

2.0 

0-5 

Nil 

3-0 

No change 

144 hrs. (l) 

8 

I.O 

2.0 

0-5 

Nil 

3-0 

42 


8 

I.O 

2.0 

0-5 

Nil 

3-0 

25 

288 hrs. (i) 

32 

I.O 

2.0 

0.5 

Nil 

3-0 

13 



0.5 

2.0 

0-5 

Nil 

3-5 

23 

(2) 

8 

I.O 

2.0 

0-5 

Nil 

3-0 

45 



I.O 

2.0 

0.5 

I.O 

2.0 

10 
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TABLE II 

Dehydrogenase activity of resting E. coli in the presence of stdphonamide 

derivatives. 

Concentration of sulphanilamide, sulphacetamide and sulphanilyl-benzamide i 
per cent. Sulphapyridine-45 mg. per cent. Bacterial emulsion from 48 hrs.’ cul- 
ture. Opacity 8. 

Methylene blue put in the side limb of the Thunberg’s tube. Each determina- 
tion of the time of decolorisation repeated at least 3 times or more. 




Constituents 

in Thunberg’s 

tube in 

cc. 


Drug tested. 

Drug solution. 

Emulsion. 

W II 

0 

Methylene blue 

I : 5000. 

Na-Succinate 

M/ 100. 

Saline. 

Time of de- 
colourisation 
in minutes. 

i 

Sulphanilamide 1% 

I.O 

I.O 

2.0 

0.5 

... 

2.0 

15-23 

Sulphacetamide 

2.0 

I.O 

2.0 

0.5 

... 

I.O 

lO-II 

(sodium salt) 1% 
Sulphanilyl benza- 

I.O 

I.O 

2.0 

0.5 

... 

2.0 

13-17 

mide 1% 
Sulphapyridine 

I.O 

1,0 

2.0 

0.5 

... 

2.0 

12-15 

45 nig.% 

I.O 

I.O 

2.0 

0.5 


2.0 

No reduction 


2.0 

I.O 

2.0 

0.5 


I.O 

1 » 

Positive control 

3-0 

I.O 

2.0 

0.5 

... 

... 

’■ 

with Na-succinate 


I.O 

2.0 

0.5 

I.O 

2.0 

9-14 



I.O 

2.0 

0.5 


3-0 

No reduction 

Negative control 


2,0 

2.0 

0.5 


2.0 

1 1 


From Table II, it was evident that sulphapyridine did not cause any decolourisa- 
tion of methylene blue. Rather, it prevented the slight lowering of the intensity of 
colour which usually occurred with all negative controls. It was, therefore, considered 
worthwhile to study its effect on a bacterial emulsion of high dehydrogenase activity. 
An emulsion from 6 days' old culture of E. coli was prepared, which decolourised 
methylene blue in 25-30 minutes. The requisite quantity of sulphap3T:idine solution 
instead of methylene blue was now placed on the side limb of the Thunberg’s tube. 
Mixture of emulsion, buffer, saline and methylene blue was prepared in the tube and 
the latter put in the bath at 45°, after creating proper vacuum. When the colour of 
methylene blue, was discharged, the solution of sulphapjTridine, kept in the side tube 
was poured in, and the time noted for bringing back the colour to its original intens- 
ity. Similar experiments with sulphanilamide were also conducted. The results 
are summarised in Table III. 
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TABLE m 

Effect oj snlphapyyidine and sulphanilamide on ihe 
dehydrogenase activity of E. coli. ' " . 

Mixture of ingredients in Thunberg’s tubes in same proportions as in Table II. 
Drugs put in side limb, and poured after decolourisation. 


Time of decolour- 

Time of recolour- 
isation of reduced 
methylene blue 
by drug. 

Sulphapyridine 45 mg.% 0.5 

27 min. 

42 min. 

I.O 

28 .. 

27 .. 

^.0 

27 

18 „ 

Sulphanilamide 1% 1.0 

26 A, 

No change 

2.0 

27 ■. 

No change 

Discussion and 

Conclusion 



From the results of the observation carried so far, it is apparent that sulphanil- 
amide, sulphacetamide and sulphanilyl-benzamide serve as hydrogen donators in 
the presence of resting E. coli. Though not widely so, sulphanilyl-benzamide 
appears to be stronger than sulphanilamide in this respect, and sulphacetamide in 
between the two (Table II). But the action of sulphapyridine is found to be just 
the opposite. Here, the drug not only fails to reduce the methylene blue in the 
system, but on the contrary, oxidises it from a reduced solution (Table III). Such 
a phenomenon is however not observed with sulphanilamide. Obviously reduction 
of sulphapyridine in one case and oxidation of sulphanilamide (and its acyl deriva- 
tives) in the other is involved. This phenomenon may be interesting in explaining 
the mode of action of sulpha drugs. Oxidation of sulphonamides in the system 
prior to its exertion of bacteriostatic action was accepted at one time (4). This 
theory is, however, not accepted at present (5). Whatever may be the mode of 
action of these drugs, it seems certain that, in an anaerobic system, sulphanilamide 
and its acyl derivatives act as hydrogen donators, while sulphapyridine serves as an 
acceptor of hydrogen. This suggests that the probable mode of action of sulpha- 
pyridine may be different from that of sulphanilamide and its acyl derivatives 

(6, 7 )- 

Further work will be taken up shortly to study the effect of other substituted 
derivatives of sulphanilamide on the dehydrogenase activity of E. coli and various 
other pathogenic organisms. 

Summary 

1. The effect of sulphanilamide, sulphacetamide, sulphanilylbenzamide and 
sulphapyridine on the dehydrogenase activity of resting E. coli has been studied. 

2. While the compounds sulphanilamide, sulphacetamide and sulphanilyl- 
benzamide are being found to reduce methylene blue in the system, sulphapyridine is 

observed to produce a contrary effect. 
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BACTERICIDAL ACTION OF METALLIC COPPER ON VIBRIO CHOLERAE. 

HARENDRA NATH BOSE and DIPTISH CHANDRA CHAKRABORTY 
From the Vaccine Department, Bengal Immunity Laboratory, Calcutta. 

(Received for publication, December i2, 1946) 

Copper has long been known to have a lethal action on some of the minute 
organisms. Locke (i) in his experiments with distilled water from different sources 
showed that the water distilled in copper vessels had marked deleterious effect on 
tadpoles and tubifex and this he ascribed to the action of minute traces of copper 
present in that water. The bactericidal action of copper on B. coli and B. typhosum 
has also been studied by different workers. Kraemer (2) observed that B. coli and 
B. iypiiosum are completely destroyed by placing a clean copper foil in the water 
containing these micro-organisms, and advocated the use of copper foil as a domes- 
tic measure for ridding water of these pathogenic bacteria. Dougal (3), quoting 
Cushny, states that “certain organisms in water stored in a copper vessel are affected 
and killefl by copper in solution so dilute that the metal is not detected chemically”. 
But to other workers, the use of copper against B. typhosum and B. coli appeared 
unreliable. 

A study as to how far this metal is really effective in water contaminated with 
B. typhosum, B. dysentery (Shiga), B. coli and particularly V. cholerce has been 
made. 


Experiments 

Experiment i. — ^This was conducted Awth distilled water 6-8 prepared 
in copper-free vessels. Eight flasks each containing 200 cc. of this water were 
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sterilised. Four pieces of thin copper foils (;}" square) were sterilised in hot-air 
steriliser. In this and in all subsequent experiments, the strips of copper were 
thoroughly cleansed and brightened with emery cloth before being sterilised. The 
sterile copper foils were aseptically transferred, one into each of the first, four flasks 
and the remaining four flasks without copper were kept as control. One flask with 
copper and one without copper were respectively charged with o-i cc. of saline sus- 
pension of V. cholerae, B. dysentery (Shiga), B. typhosnm and B. coU, all of which 
were recently isolated, smooth and virulent strains. The bacterial suspensions used 
in this and all subsequent experiments were freshly prepared from i8 hours’ growth 
on Douglas agar slants, the bacterial contents being 5,000 millions per cc. of V. 
cholerae and 2,500 millions per cc. of the rest, so that the final bacterial contents in 
the flasks were 2'5 millions per cc. in case of V. cholerae and i‘25 millions per cc. in 
others. The flasks were kept at laboratory temperature and sterility tests were done 
from each flask (0-5 cc. inoculum separately in 30 cc. Douglas broth and in agar 
slant, — read after 48 hrs. incubation.) at half hour intervals for the first 8 hours and 
ah gradually longer intervals during the later stage of the experiment. The results 
are given in Table I. 


TABLE I 


Substrate. 

Micro-organisms 

tested. 

Observation. 

Distilled water with copper 

V. cholera 

Dead after ^ hour. 

Distilled water without copper 

do. 

Dead after 48 hours. 

Distilled water with copper 

B. dysentery (Shiga) 

Dead after hours. 

Distilled water without copper 

do. 

Dead after 5 days. 

Distilled water with copper 

B. typhosum 

Dead after 20 hours. 

Distilled water without copper 

do. 

Living after 15 days. 

Distilled water with copper 

B. coli 

Dead after 20 hours. 

Distilled water without copper 

do. 

Living after 15 days. 


Experiment 2 . — In this, instead of disb'lled water, ordinary tank water was 
taken. The water was collected from a local pond. For sterilisation, this was 
passed through Seitz-filter (E.K. 14) and aseptically transferred into sterile flask's 
in volumes of 200 cc. The pEL of the water was 8-3 and the nitrogen content was 
found to be 0-4 mg. per 100 cc. (micro-kjeldahl). With this water the previous 
experiments were repeated. The results are given in Table II. 


TABLE II 


Substrate. 

Micro-organism 

tested. 

Observation. 

Tank water with copper 

V. cholera 

Dead after i-J- hours. 

Tank water zvithout copper 

do. 

Living after 15 days. 

Tank water with copper 

B. dysentery (Shiga) 

Dead after 26 hours. 

Tank water without copper 

do. 

Living after 15 days. 

Tank water with copper 

B. typhosum 

Dead after 30 hours. 

Tank water without copper 

do. 

Living after 15 days. 

Tank water with copper 

B. coli 

Dead after 96 hours. 

Tank water without copper 

do. 

Living after 15 days. 


BACTERICIDAL ACTION OF METALLIC COPPER ON VIBRIO CHOLERAE. 
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Experiment 5. — Sterile distilled -water (^H 6-9) and two different samples of 
tank water No. i and No. 2, sterilised through Seitz filter were taken in three flasks. 
The ^H. of both the samples of tank water was 8-3. The nitrogen content of sample 
of tank water No. i was 0-4 mg. per 100 cc. and of sample of tank water No. 2, 0-53 
mg. per 100 cc. (microkjeldahl). Sterile copper strips (f" square) were aseptically 
transferred, one into each of the three flasks. Three flasks of the corresponding 
samples of water without copper were kept as controls. 0‘i cc. of suspension of 
V. cholerae (5,000 millions per cc.) was added to water in each of these flasks. Steril- 
ity tests were done at 30 minute intervals. The results are given in Table III. 


TABLE 111 

Water taken 200 cc. in each flask. 


Substrate. 

Micro-organism 

tested. 

Observation. 

Distilled water with copper 

F. cholera 

Dead after ^ hour. 

Distilled water without copper 

do. > 

Dead after 48 hours. 

Tank water No. i (total nitrogen 

0.4 mg. per 100 cc.) with 

copper 

do. 

Dead after hours. 

Tank water No. i without copper 

do. 

Living after 15 daj^s. 

Tank water No. 2 (total nitrogen 

0-53 mg- per 100 cc.) with 

copper 

ao. 

Dead after 3 hours. 

Tank water No. 2 without copper 

do. 

Living after 15 days. 


Experiment 4. — 200 cc. of sterile tank water (^H 8-3; nitrogen — 0-4 mg. per 
100 cc.) were kept in contact with copper strips (f" square) in each of three separate 
flasks. Copper strip was removed from one of the flasks after z hours and from 
another after 4 hours. The three flasks were then inoculated with o-i cc. of emulsion 
of V. cholera (5.000 million per cc.). It was expected from the previous observa- 
tions that water kept in contact with copper for several hours will have quick bacteri- 
cidal action on V. cholera. Accordingly, sterility tests were done at 5 minutes inter- 
vals. The results are given in Table IV. 


TABLE IV 


Substrate. 

Micro-organism 

tested. 

Observation. 

Tank water from which copper 
strip was removed after 2 hours 

V. cholera 

Dead 

after 

30 

min. 

Tank water from which copper 
strip was removed after 4 hours 

1 do. 

Dead 

after 

15 

min. 

Tank water from which copper 
strip was not removed 

do. 

Dead 

after 

10 

min. 


Experiment 5. — ^With the same copper surface and increasing volumes of 
distilled water, the time for lethal action on F. cholera was expected to be prolonged. 
Accordingly 50, 100 and 200 cc. volumes of sterile distilled water were taken in three 
different flasks. One sterile strip of copper (I" square) was placed in each flask. 
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The flasks were charged with 0-025 cc., 0-05 cc. and o-i cc. of suspension of V. 
chblerce. {5>ooo million per cc.) so as to make the final bacterial concentration equal 
in all the flasks. Sterility tests were done from each flask at half-hour intervals. 
The results are given in Table V. 


TABLE V 


Substrate. 


Micro-organism Observation, 

tested. 


Distilled water 

50 

cc. 

with 





copper 

Distilled water 

100 

cc. 

with 

V, cholem 

Dead after 

3 

hours. 

copper 

Distilled water 

200 

cc. 

with 

do. 

Dead after 

5 

hours. 

copper 

Distilled water 

50 

cc. 

without 

do. 

Dead after 

6 

hours.* 

copper 

Distilled water 

100 

cc. 

without 

do. 

Living after 

12 

hours. 

copper 

Distilled water 

200 

cc. 

ivithout 

do. 

Living after 

12 

hours. 

copper 




do. 

Living after 

12 

hours. 


* With smaller strip of copper, longer time was required for complete lethal action 
(c/. Table I). 


Experiment 6 . — (a) Distilled water kept in contact with copper strip (|" square 
per 200 cc. of water) for 48 hours was used in the preparation of peptone water (i per 
cent.) tubes. These were inoculated with V. cholerce, B. dysentery (Shiga), 
B. typhosum and B. coli and were incubated at 37° for 24 hours. 

(b) Douglas broth tubes in 20 cc. volumes with a copper strip (f" square) in each 
tube were prepared. After 48 hours these were inoculated and incubated at 37° for 
24 hours. 

The results on culture and of subsequent viability are shown in Table VI. 

TABLE VI 


Substrate. 


Micro-organisms Observation, 

tested. 


(a) 1% Peptone water (prepared 
in distilled water kept in con- 
tact with copper for 48 hours) 

(b) Douglas broth with copper 
strip (used 48 hours after pre- 
paration) 


V. cholerce 


Free growth, 
Living after 

B. dysentery 

(Shiga) 

do. 

B. typhosum 


do. 

B. coli 


do. 

V. cholerce 


do. 

B. dysentery 

(Shiga) 

do. 

B. typhosum 


do. 

B. coli 


do. 
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Experiment 7. — ^In this, in place of flasks with copper strips, thoroughly cleans- 
ed and brightened copper vessels were used. 200 cc. volumes of tank water passed 
through Seitz filter (E.K. 14) were taken in four such vessels. The of the water 
was 8'3 and nitrogen content was 0‘46 mg. per 100 cc. The water in the vessels 
was charged separately with o-i cc. suspensions of V. cholene, B. dysentery (Shiga), 
B, typhosum and B. coK, the final bacterial concentrations being the same as in the 
previous experiments. Sterility tests from each vessel were done at half-hour 
intervals. The results are given in Table VII. 


TABLE VII 


Substrate. 

Micro-organisms 

tested. 

Obser\'ation. 

Tank water (200 cc.) in copper 
vessel 

V . cholera 

Dead after 1^- hours. 

do. 

B. dysentery (Shiga) 

Dead after 3 hours. 

do. 

B. typhosum 

Dead after 5 hours. 

do. 

B. coli 

Dead after 5 hours. 


Discussion 

The experiments were repeated with different strains of the same micro-orga- 
nisms and with different samples of distilled water and tank water. The protocols 
submitted are of t37pical experiments. The results clearly indicate that copper has 
got a definite bactericidal action on V. cholera, B. dysentery (Shiga), B. typhosum 
and B. coli of which V . cholera is one that is most readily affected. It was not pos- 
sible to estimate the exact amount of copper that is just sufficient to kill these organ- 
isms. During these experiments, samples from both distilled water and tank water 
(200 cc.) kept in contact with copper (f" square) for 24 to 48 hours have been 
frequently tested chemically for presence of copper, but the results have been 
uniformly negative. It has been observed that copper acts on these organisms more 
quickly in distilled water than in tank water containing organic nitrogenous matter 
(Tables I and II). With the increase of such substances in the water lethal action 
of copper on V. cholera is delayed (Table III) ; and this action is found to be 
completely inhibited in peptone water and in Douglas broth, where the vibrios 
instead of being killed, survive and freely multiply (Table VI). This is possibly 
due to the fact that in such conditions, the concentration of copper can not reach its 
effective level because of its immediate combination with the organic constituents 
present in the substrate. With increase of volumes of water, either the copper 
surface or the time of contact had to be increased to have lethal effect on V. cholera 
(cf. Tables, I, V and VII). 

Lastly, in places where frequent epidemics of cholera occur and where the 
sources of drinking water are open tanks or wells e.xposed to the chance of contami- 
nation with V. cholera, it is advisable to keep the water in clean copper vessels for 
several hours (4 to 6 hours) before use. Considering the possible bulk of contamina- 
tion in usual natural water, this period of contact appears enough to kill any vibrio 
if present (Table VII). The advantage of such water over boiled water is that it is 
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resistant to any possible subsequent contamination in an infected household .while 
in storage (Table IV). For prolonged storage water may be transferred to some, 
other container after keeping in copper vessel for 4 to 6 hours. In absence of a 
suitable copper vessel, a few pieces of clean and brightened copper coins deposited 
in water in any container may serve the purpose. 


SuftUfARY 

1. Metallic copper has got a marked bactericidal action on V. cholera. 

2. ' It also affects B. dysentery (Shiga), B. iyphosnm and B. coli but on these its 
action is not so quick as on F. cholera. 

3. During epidemics of cholera, in addition to inoculation of prophylactic cholera 
vaccine, use of clean copper vessels for storage of drinking water for a few hours is 
suggested. 

We are thankful to Dr. T. N. Ghosh. D.Sc, Dr P. N. Basu. M.B. and Mr. S. 
N. Sen. M.Sc., for their kind suggestions and useful help in the work. 
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THUMIN CONTENT OF COIVIMON PUNJAB FOODSTUFFS IN THE 
RAW AND COOKED STATE 
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From the Punjab University Institute of Chemistry, Lahore 

(Received for publication, February 2, 1947) 

In the course of our work on thiamin we had occasion to examine a large 
number of indigenous foodstuffs for their thiamin content, both in the raw state 
and after cooking according to methods used in Punjabi homes. These values 
are of interest not only to nutrition workers, from the point of view of nutrition 
and dietary studies, but are also of importance in illustrating the variations in 
vitamin content due to geographical and other environmental factors. At the same 
time the vitamin content of some of the foodstuffs listed have not so far been esti- 
mated in other laboratories in India. 

The method of assay used was that described by Rattan and Ahmad (i) from 
this laboratory. The estimation of free and combined thiamin was made accord- 
ing to the technique described by Ahmad, Mehra, and Bharihoke (3). In Table I 
the thiamin content of the various foodstuffs both in the raw and the cooked state 
are shown. The cooked state implies the method of cooking commonly used in 
Punjabi homes. An outline of these methods for the more important foodstuffs 
are described below : 

Wheat Chapatis . — Atta (93-95% extraction flour) is kneaded with the hands 
into a thick dough with a small amount of water in a flat metallic or earthenware 
vessel. The dough is allowed to stand for 1-2 hours. Small amounts of the dough 
are then beaten between the palms of two hands into thin round discs of 2-3 mm 
thickness and io-20 cm diameter, using small amounts of dried atta on the palms 
to prevent the dough sticking to the hands. Chapatis in some homes are made 
by rolling the dough on a wooden plate with a small wooden roller instead of by 
hands. Hand-made chapatis are generally preferred. These are then baked on 
a hot iron plate, turning over once to bake both the sides equally. They are gene- 
rally consumed while still hot. 

Rice Pulao 

Rice grains are washed in three changes of water to remove dust and extrane- 
ous matter, after which they are soaked in water for 1-2 hours. In a kettle some 
chipped onions are fried in fat until browm, when peas or any other vegetable is 
added followed by rice and finally a quantity of water which is generally twice the 
volume of rice to be cooked. The lid is then closed and the content allowed to 
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cook on a slow fire. Pulao is ready within 30-40 minutes and by this time the 
M'ater added has all been evaporated or absorbed by the rice. No water is thrown 
away. 

Ptilse Curry 

The pulse is first washed with three changes of water to remove all dust etc. 
and is then soaked in water for about half an hour. Water, about 4 times the 
amount of pulse taken is brought to boil in a kettle. To this are added curry 
powder and the pulse, and allowed to cook for about an hour. In a fr^dng pan 
some chipped onions are fried in fat until brown and are added to the kettle on 
top of the curry. This may be brought to boil again if necessary. 

Vegetable Curry 

Some chipped onions are fried in fat until brown, when washed and chipped 
vegetables are added and the whole contents after the addition of some curry 
powder fried again for few minutes. Then water is added and allowed to cook 
for 30-40 minutes on a slow fire until ready. 

TABLE I. 

Thiamin content of common Punjab Foodstuffs 
in the rail) and cooked state. 

Thiamin content in /(g per g. 

Name of foodstuff. Raw state Cooked state 

Free Total. Free Total. 


Loss in 
cooking 


I. Cereals. 


Wheat, (Triticum vulgare) 

9 -D 

2.00 

2.60 

x -54 

2.06 

20.8 

,, C-217 

2.25 

2.95 

1.72 

2.30 

22.1 

,, Type-4 

2.24 

3.20 

I 86 

2.46 

23.1 

Type-8 

2.38 

3-36 

1.S5 

2.50 

23.8 

,, C-228 

2.72 

3-84 

1.98 

2.78 

27.6 

.. C-518 

2.84 

3-95 

2.00 

2.77 

30.0 

,, Type-i 

3-52 

4.64 

2.28 

3-11 

33-3 

C-591 

Rice, (Oryza saliva), raw, unmiiled. 

3 63 

4.84 

2-35 

3-20 

33-3 

,, Jhona-349 

— 

3-33 

— 

1.07 

64.9 

,, Mahler 346 

— 

3.00 

— 

1.05 

65.1 

, , Palwan-sufaid 

— 

2.67 

■ — 

1.07 

60.1 

, , Mushkan 

— 

3-67 

— 

1.17 

68.7 

,, Sathra 

— 

2.67 

— 

1.07 

60.0 

,, Basmati 

— 

4-30 

— 

1.07 

62.8 

Oats, (Avena saliva) 

, , Type-T 

5-35 

5-35 

— 



, . Alagarian 

5-35 

5-35 




, , Brunkaslo 

4-95 

5.00 


— 

"" “ 

" Typs ^0® r/29 

5.00 

5-45 

■ — 



,, Type French 

4.00 

4-25 

• — 


* ’ 

., I. P. Hyd.-3 

5.00 

5.00 

* — 



Maize, {Zca iitais) 

1.82 

2.13 

— 



’Barley, {Ilordeum vulgare) 

2.04 

2.52 

— 
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TABLE l.—{Contd.) 



Thiamin content 

in yg 

per g. 

Loss in 
cooking 
0/ 

/o 

Name of foodstuff. 

Raw 

Free 

state 

Total. 

Cooked state 

Free Total. 

II. Ptdses. 

Moth, (Phaseolus aconitifolius) 

T -9 


4.96 




T-io 

— 

5.00 

— 

— 

— 

„ T -4 

— 

6.01 

— 

— 

— 

T-16 

— 

6.67 

— 

— 

— 

,, T-711 

— 

6.67 

— 

— 

— 

.. T -3 

— 

5-98 

— 

— 

— 

„ T-i 

— 

5-90 

— 

— 

— 

„ T -7 

— 

5-67 

— 

— 

— 

Green Mung, {Phaseolus Mungo) 

2,70 

2.80 

1-53 

1-53 

45-33 

Black-gram, [Phaseolus radiatus) 

3-17 

3-50 

1.26 

1-59 

54-20 

Arhar, [Cajanus Indica) 

2.50 

3.00 

1.20 

1.50 

50.00 

Lentil, (Lens esculentum) 

2.50 

2.85 

1.20 

1.50 

47-40 

Bengal gram, [circer arietinuin) 

4.20 

4.20 

1.90 

1-97 

53-30 

Dry peas, (Pisum sativum) 

4-13 

4-97 

— 

— 

— 

III. Vegetables. 

Green peas, fresh, (Pisum sativum) 

2.30 

2.45 

1.50 

1.50 

38.78 

Ghiya, (Cucurbita lagenaria) 

1.30 

1.50 

0.80 

0.80 

46.67 

Kadu, (Cucurbita pepo) 

1-15 

r.17 

— 

— 

. — 

Tinda, (Ciirullus fistulosum) 

2.50 

2.50 

1. 00 

x.oo 

60.00 

Potato, (Salanum tuberosum) 

1.50 

1.70 

1.05 

1-05 

38.21 

Spinach, (Spinacia oleracea) 

3-50 

3-65 

2.70 

2-73 

25-25 

Beans, (Phaseolus Sp.) 

3.10 

3.10 

— 

— 

— 

Ladys Finger, (Hibuscus esulentus) 

0.63 

0.65 

0.40 

0 . 4^2 

35-38 

Brinjals, (Solatium melongea) 

I. 00 

1.20 

0.60 

0.62 

48.33 

Bitter gourd, (Momordica Charantia) 

1.20 

1-35 

0.80 

0.82 

39-26 

Tomato, (Lycopersicutn esculentum) 

0.85 

0.85 

— 

— 

— 

Cabbage, (Brassica Oleracea Capitata) 

1.70 

1.80 

1. 10 

1-15 

36.11 

Arvi, (Colocasia antiquorum) 

2.00 

2.30 

1.20 

1.20 

47.82 

IV. Fruits. 

Leechi, (Litchi chinensis) 


0.40 




Peaches, (Amydgalus Persea) 

. — 

0.90 

— 

— 

— 

Oranges, (Citrus aurantium) 

— 

T.OO 

. — 



— 

Banana, (Musa sapientum) 

— 

1-50 

— 

— 

— 

Pears, (Pyrus Communis) 

— 

I. 00 

— 

— 

— 

Falsa, (Grewia Asiatica) 

— 

0.56 

— 

— 

— 

Mango, (Mangifera indica) 

— 

0.60 

— 

— 

— 

Apple, (Pyrus malus) 

— 

1.20 

— 

— 

— 

Strawberry, (Fragaria grandiflora) 

3.10 

3.20 

— 

— 

— 

V. Miscellaneous. 

Yeast, (Saccharomyces cerevisat) 


35-90 



■ 

Tea, (Camellia sinensis) 

— 

0.00 

— 

— 

— 

Coffee, (Coffea Arabica) 

— 

0.00 

— 

— 

— 

Almond, (Prunus amygdlis) 

— 

2.50 

— 

— 

— 

Cocoanut, (Cocos noucifera) 

— 

1-05 

— 

— 

— 

Wallnut, (Juglans regia) 

— 

4.50 

— 

— 

— 

Raisins, (Ribcs rubrum) 

— 

0.80 

— 

, — 

— 

Ground-nut. (Aracuis hypogca) 

• — 

5.20 

— 

— 

— 
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In a second experiment, the tryptic digestion was preceded by peptic digestion 
for three hours. It was found that though the digestibility of soya milk protein 
by pepsin was slightly higher than that of cow's milk protein (8.2% for soya milk 
and 7.6% for cow’s milk) the succeding tryptic digestion was much smaller for 
soya milk than for Cow’s milk. Even after hydrolysis for 24 hours, soya milk 
was only about half as much digested as cow’s milk. Extension of the hydrolysis 
with the ereptic enzymes of the small intestines did not increase the digestibility 
of the soya milk proteins to a level comparable with that of cow’s milk proteins. 
Under these conditions while cow’s milk protein was digested to the extent of about 
90%, soya milk was only digested to the extent of 46%. The above experiments, 
therefore, showed that the poorer in vitro digestibility of soya milk is due to the 
very slow action of trypsin on the protein of the milk. 

Recently, Bowmann (5), Kunitz (6) and Ham et al. (7) have reported the 
existence of a powerful tryptic inhibitor in raw soya beans. Based on these find- 
ings experiments were made by us to see whether the low digestibility of soya milk 
by trypsin is to be traced to the presence of the trypsin inhibitor in the milk. 

Preliminary experiments were made to see whether soya milk contained this 
inhibitor, 10 cc. of soya milk were added to 90 cc. cow’s milk and the rate of 
tryptic digestion of the mixture was compared with that of pure cow’s milk. The 
rate of digestion is presented below. 


TABLE n. 



2 hts. 

4 hrs. 

8 hrs. 

18 hrs. 

Cow’s milk 
, , containing 

46.4 

68.9 

82.4 

87.8 

10% soya milk 

19.6 

24.8 

26.8 

33-4 


Addition of even 5% soya milk reduced the digestibility of cow’s milk in 24 
hours from 86% to about 56%. The same inhibiting effect could be produced 
by adding to cow’s milk, soyabean milk whey prepared by adding minimum amount 
of acid to soya milk and filtering the precipitated coagulum of protein and fat. 
Similar observations were made by using a pure casein solution as substrate in 
stead of cow’s milk. 

The above results indicated that soya bean milk contained a measurable portion 
of the tryptic inhibitor present in the soya bean. Even if a large concentration 
of enzyme was added to soya milk, the effect of this inhibitor could not be coun- 
teracted. A typical result obtained in an experiment where the enzyme used in 
the case of soya milk was twice the amount used in the case of cow’s milk is 
given below. 

TABLE m. 



I hr. 

2 his. 

4 hrs. 

24 hrs. 

Cow's milk 


60.2 

77-9 

85-5 

Soya milk 


24.4 

34-6 

65.3 


A further confirmation of the fact that the inhibitor was the cause for the 
poor in vitro digestion of soya milk was made by isolating the proteins from soya 






IN VITRO DIGESTIBILITY OF SOYA MILK 


95 


and cow’s milks and studying their relative digestibility by pepsin and trypsin. It 
was found that they were digestible to about the same extent as shown below: — 

TABLE IV. 





Tryptic 

‘ 


Peptic 





2 hrs. 

2 hrs. 

4 hrs. 

24 hrs. 

Cow's milk protein 

9.2 

39-9 

43.6 

49-5 

Soya milk protein 

9-1 

38. r 

42.4 

47-4 


The effect of autoclaving on the digestibility of soya bean milk was also 
studied. While making this study, simultaneous observations on the effect of 
autoclaving on the inhibitor present in the soya bean milk whey were also made. 
Soya milk and the whey prepared from it were autoclaved for 15 minutes at lo lbs. 
pressure, and another batch at 20 lbs. pressure. The results are tabulated below. 

TABLE V. 

Effect of autoclaving on the digestibility of soya milk and the destruction of the 

inhibitor in soya milk whey. 



2 hrs. 

4 hrs. 

24 hrs. 

Cow’s milk 

60.4 

78.9 

91.6 

Soya milk autoclaved 
at 10 lbs. 

27.2 

36-9 

54-3 

Soya milk autoclaved 
at 20 lbs. 

47-9 

69.4 

83.2 

Cow's milk containing 

10% whey auto- 
claved at 10 lbs. 

29.6 

39-4 

59-7 

Cow’s milk containing 

10% whey auto- 
claved at 20 lbs. 

59-4 

78.4 

91.6 


The above results showed that practically all the inhibitor was destroyed by 
autoclaving at 20 lbs. for half an hour. The inhibitor was quite active even after 
being autoclaved at 10 lbs. for 15 minutes. Corresponding with the destruction 
of the inhibitor, the digestibility of soya milk is also improved, but the above results 
show that the improvement in the digestibility is not as fast as the destruction of 
the inhibitor. The results are, nevertheless, fairly striking. 

The available evidence would show that soyabean contains a very powerful 
tryptic inhibitor which resists the action of heat to a considerable extent. Further 
work was done to study the degree of destruction of the inhibitor present in soya- 
bean by various types of heat treatment. 

Cold solvent extracted soyabean powder was extracted at pR 4 and the clear 
e.xtract obtained after centrifuging was used as a source of the inhibitor. Since 
the activity of the inhibitor was very high, the extract had to be diluted very 
much (one g. of bean in 200 cc. of the e.xtract) in order to study difference in 
the degree of destruction after heat treatment. This diluted extract was adjusted 
to 7 and autoclaved at 5, 10, 20 and 25 lbs. pressure respectively for half an 
hour. The activity after autoclaving was studied by adding a knowm amount of 
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the extract adjusted to 7.8 to cow’s milk and studying the rate of digestion 
of the mixture with trypsin. 

When 2 cc, of the inhibitor solution were added to 25 cc. substrate, the inhibit- 
ing effect could not be observed to a measurable extent in the case of the extracts 
autoclaved at 25 and 20 lbs. pressure. Slight inhibiting action could be observed 
in the case of extracts autoclaved at 10 and 5 lbs. pressure respectively. When 
5 cc. of the extract was added the inhibiting effect was measurable. The results of 
the digestion of cow’s milk after addition of the autoclaved extracts are tabulated 
below. 

TABLE VI. 

23 cc. milk at pH y. 8 +inhibitor solution at pH j . 8 + pepsin. 

Heat treatment given \''ol. of inhibitor Amount of milk Activity of Percentage of 

to the inhibitor soln. solution added. protein hydrolys- inhibitor, original activity 

ed in terms dv remaining after 

N/ioo NaOH. autoclaving. 



0 

5.30 

— 

. — 

Autoclaved at 25 lbs. 

5 cc. 

5-25 

0.05 

0.13 

,. 20 lbs. 

t $ 

5-13 

0.17 

0.43 

,, ro lbs. 

,, 

4.87 

0-43 

1.08 

,, 5 lbs. 

» » 

4-36 

0.97 

2.43 

Merely boiled 

* t 

3.88 

1.42 

3-56 

Raw extract not heated 

0,25 cc. 

3-32 

1.98 

100% 


■J'he above results suggest that practically all the inhibitor is destroyed on 
autoclaving at 25 or 20 lbs. for half an hour, while about 3.5% of the activity 
remains after boiling for half an hour. The activity of the inhibitor becomes pro- 
gressively smaller as the pressure at which it is autoclaved increases. 

Discussion 

All the foregoing results clearly indicate that the poor in vitro digestion of 
soya milk is due to the presence of the tryptic inhibitor in it. Although, after 
boiling, the inhibitor retains only 3.5% of its original activity, this amount of the 
inhibitor passes on to the milk and this interferes with the normal, tryptic digestion 
of the milk protein under in vitro conditions. Under in vivo conditions, however, 
the soya milk protein is nearly as digestible as cow’s milk. It is not known whether 
this apparent discrepancy between the in vitro and m vivo digestibility can be ex- 
plained by the fact that under iti vitro conditions, the amount of enzyme added 
is strictly limited, while under the in vivo conditions, both the activity of the enzyme 
secreted as well as the quantity of the digestive secretions are determined by the 
nature of the food ingested and depend on the needs of the system during the 
period of digestion. Experiments are in progress to see whether the above can 
provide a satisfactory explanation. 
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(Received for publication, February 8, 1947) 

In a previous communication (i), the method of preparation of milk from 
groundnut and the study of its nutritive value have been described. By experi- 
ments on animals, it was found that groundnut milk protein was digested to about 
the same extent as that of cow’s milk. A study of the in vitro digestibility of 
groundnut milk compared to that of cow’s milk has been presented in this note. 
The digestibility of the protein of the milk by pepsin and trypsin both separately 
and successively and that of the fat by lipase have been studied. Cow’s *milk 
and the milky emulsion prepared from the raw groundnut have been used for com- 
parison with the groundnut milk prepared from the germinated seeds. 

The method followed for studying the protein digestibility was to digest the 
milk samples with the enzymes under optimal conditions of and temperature, 
the digestion being followed by determining the amount of protein soluble in 7 % 
trichloracetic acid. The digestibility is expressed as the percentage of milk protein 
rendered soluble in 7 % trichloracetic acid by the action of the proteolytic enzymes. 
The percentage digestibility of the milk proteins is presented in the following table. 


TABLE I. 


Enzyme 

used 

Time in 
hrs. 

Raw groundnut 
emulsion not 
heated. 

Groundnut milk 
prepared from 
germinated 
groundnut. 

Cow's milk 

Pepsin 

2 

11.9 

10.2 

7.6 

• 

4 

17.8 

15-4 

9-3 


18 

27.4 

25.2 

21.1 

Trypsin 

2 

27.6 

43-2 

48.0 


4 

30.8 

52.4 

64.2 


18 

45-9 

71.8 

87.6 

Pepsin 

Pepsin followed 

3 

iz -5 

10.7 

7.8 

by trypsin 

2 

41.2 

44.6 

47.2 


4 

52-9 

55-7 

59-0 


18 

67.7 

72.6 

76.7 


The digestibility of the groundnut milk was slightly improved by autoclaving 
the milk at 15 lbs. pressure for 15 minutes. 
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The fat in the milk was digested by pancreatic lipase prepared according to 
Willstaetter and Waldschmidt-Leitz (2), the extent of hydrolysis being measured by 
titrating in alcoholic medium the fatty acids liberated according to the method of 
Willstetter, Waldschmidt-Leitz and Memmen (3). The milk samples were suitably 
digested so as to contain exactly 3% fat. The milks were all buffered at pH 8 for 
studying the enzyme action. The extent of enzyme digestion as measured by the 
volume in cc. of N/io alkali equivalent to the fatty acids liberated is given in 
Table II. 


TABLE II. 


Milk used. 

I hr. 

Time in hours. 

8 hrs. 4 hrs. 

2 hrs. 

Cow’s milk 

Groundnut milk from 

0.46 

0.88 1.22 

1-54 

germinated groundnut 

0.22 

0.43 0.51 

0.97 

Raw groundnut emulsion 

o.jg 

0.40 0.49 

0.86 


It will be seen from Table I that the digestibility of the milk proteins by 
trypsin alone is highest in the case of cow’s milk while it is minimum in the case 
of the raw groundnut emulsion. Peptic digestion is faster in the case of the ground- 
nut milk than in the case of cow’s milk. The preliminary peptic digestion pro- 
motes a successive tryptic digestion. This effect is highly pronounced in the case 
of the groundnut milk samples and very little in the case of cow’s milk. A simi- 
lar observation was made by Adolph and Wang (4) while studying the in vitro 
digestion of soya milk. They found that soya milk protein is better digested by 
pepsin than cow’s milk protein, while the reverse in the case with the tryptic 
digestion. They also reported that dcnaturation of the protein by heat favours 
tryptic digestion while retarding peptic hydrolysis. Exactly similar observations 
have been made in the case of groundnut milk. 

The slightly higher peptic digestion in the case of the groundnut milk samples 
is perhaps to be explained by the fact that after acidification to pH 2 and addi- 
tion of pepsin, cow’s milk gets curdled into lumps while there is no curdling in 
the case of groundnut milk. The latter, being in the form of an emulsion, is 
liable to be acted upon faster by pepsin. As to whether the lower tryptic diges- 
tion in the case of groundnut milk is to be traced to the possible existence of a 
tryptic inhibitor similar to that found in soyabean as investigated by Ham (5), 
IcLitz (6) and Bowmann (7) is under investigation. 
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Although a good deal of knowledge has now been gathered regarding some 
aspects of the nutritive value of soyabean and soyamilk (Desikachar et al, i), little 
is yet known about the status of vitamin C in bean and the milk prepared therefrom, 
and about various factors governing it. Particularly no information exists about 
this aspect with regard to the comparative effect of different conditions on soyamilk 
as against cows’ milk. The problem is of much interest when it is remembered that 
cows milk as such is a poor source of vitamin C from the view point of meeting the 
daily requirements of infants subsisting on it alone, and even that amount is not 
available often on processing due to the destruction caused by different agencies. 

With a view therefore to elicit detailed information on this subject from various 
aspects present investigations were undertaken. 

Experijiental 

Soyabeans from local market, both black as well as white varieties as also those 
imported from outside (Bengal) were employed in the studies. Germination of the 
beans was done, after initial overnight soaking in three times the volume of water, 
in a shallow enamelled tray between two layers of thick cloth which were kept wet by 
occasional sprinkling of water. The soyamilk was prepared from germinated 
soyabean as described earlier (2). Glass-distilled water was used for preparation of 
the soyamilk in order to eliminate additional complication due to copper catalysis. 
The effect of added copper on vitamin C in soyamilk is determined separately, as 
also the effect of using tap water for milk preparation. 

Estimations of vitamin C were made by the method of Harris and Oliver (3) — 
in case of milk with suitable alterations — with the addition where necessary of 
formaldehyde condensation procedure according to Mapson (4) for differentiating 
non-vitamin C reductants. As may be noted from Table II the percentage of these 
was quite considerable, especially in the earlier stages of germination. Their amount 
did not increase appreciably as the germination proceeded. However the reducing 
value of the raw soyabean seems to be entirely due to them and as such there is 
possibility of wrong inference when modification of estimation procedure is not 
resorted to. It was further seen that the non-vitamin C reductants belonged mostly 
to the group of sulphydral compounds which rapidly condensed with formaldehyde 
at ^H 0-6. In the present investigations the modified procedure therefore consisted 
of bringing the ^H of the extract to 0'6 with H2 SO,, addition of 2 per cent. HCHO 
and after 8 minutes titration against the indophenol dye. Correction was applied 
for the minute amount of ascorbic acid which also condensed during the period. The 
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dehydroascorbic acid estimations were done as usual, by passing HjS for about 20 
minutes through the extract (serum in case of soyamilk) and removing it the follow- 
ing day by a current of nitrogen under suction. 

Results 

In Table I below are presented priliminar}'^ observations regarding the germina- 
tion of soyabeans and the quality of soyamilk prepared therefrom after, different 
stages of germination. 

Quality was based upon the observations pertaining to the taste, flavour and 
smell specially the absence of bitterness and the raw vegetable flavour. Keeping 
quality was judged as the time the milk could stand storage in refrigerator without 
undergoing deterioration and coagulation. 

TABLE I 

Germination of soyabeans and quality of soyamilk 
prepared therefrom. 


Period of ger- 
mination in 

hours after 
initial over- 

night soaking 
(18 hours). 

Length of 
sprouts 
in cm. 

Fresh weight 
of 

100 seedlings 
in g. 

Dry weight 
of 

100 seedlings 
in g. 

Quality of 
the soya- 
milk. 

Keeping 
quality in 
days. 

24 

1-3 

30.2 

14.11 

Good 

4-5 

48 

2.6 

32.6 

15-0 

Good 

4 

72 

3-5 

36.5 

15-9 

Fair 

2-3 

96 

6.7 

40-3 

18.4 

Bad 

I 

120 

8.9. 

42.8 

19.9 


I 

144 

II. 0 

45-0 

19-7 




The factors responsible for affecting the keeping quality are probably the 
development of acidity and lipolytic enzymes consequent to extended germination. 
A milk of good quality and as may be seen from later tables of practically optimum 
vitamin C content is given by about 48-72 hours’ germination. It also keeps well in 


a refrigerator for at least 3 days. 

TABLE II 

Presence and extent of non-vitamin C artifacts in 
germinated soyabeans and soyamilk. 

Period of germina- 
tion in hours. 

Vitamin C as 
estimated by 

direct titration 
mg./ 100 g. 

After formal- 
dehyde conden- 
sation 
mg./ 100 g. 

Amount of non- 
vitamin C arti- 
facts estimated 
as vitamin C 
mg./ 100 g. 

% of artifacts 
to the vitamin C 
values. 

0 (dry seeds) 

2.7 

0.0 

2.7 

100 

0 (soaked 18 hrs.) 

5-9 

4.1 

1.8 

33 

24 

ri -5 

9-5 

2.0 

17.4 

48 

15-2 

130 

2.2 

14-5 

72 

16.6 

14.8 

1.8 

10.8 

Soyamilk prepared 

21.6 

20.5 

1. 1 

5-1 


from 48 hours ger- 
minated beans. 
Values — mg. per lit. 


Values expressed as total vitamin C, i.e., reduced 4- dehydroascorbic acid. 




STUDIES ON VITAMIN C IN SOYABEAN AND SOYAMILK lOI 

The results of systematic study of the production of vitamin C — reduced, 
dehydro — and total ascorbic acid in germinating soyabeans and the values for soya- 
milk prepared therefrom at various stages of germination over a period of 6 days, are 
presented in Table III. It may be observed that the vitamin C value reaches more 
or less an optimum level at the end of 72 hours’ germination period after which there 
is only a slight increase in the value. This is also reflected in the vitamin C values of 
the Soyamilk prepared from beans after sucessive germination periods. Beans ger- 
minated for 72 hours appear to be best from the viewpoint of a fair quality milk 
with practically maximum vitamin C value. However for a better quality those 
germinated for 48 hours would be more satisfactory. An interesting point of note 
is the comparative high percentage of vitamin C existing as the dehydroascorbic acid 
during the early stages of germination. In later germination stages this appears to 
be mostly converted to the reduced form. These observations are in keeping with 
the earlier findings with germinating green gram (Rangnekar, unpublished) and point 
to the possibility of dehydroascorbic acid functioning as the first precursor of vitamin 
C during its biosynthesis. 

An appreciable part of the soyamilk is also in form of dehydroascorbic acid 
which is biologically active. However the order does not correspond with the figures 
of the germinated beans. It is quite probable that a large fraction of the dehydroas- 
corbic acid existing in the germinated beans is degraded during the processing 
operation for milk preparation into further biologically inactive forms like diketogulo- 
nic acid and only a part remains as the active dehydroascorbic acid. A slight 
fraction of vitamin may also undergo oxidation and consequent destruction during 
the processing stages. However after initial trials, the conditions for the preparation 
of the soyamilk were so adjusted as to involve a minimum loss of vitamin C originally 
present. A detailed study of some of the factors effecting this is presented later on. 

TABLE III 

Production of reduced, dehydro- and total ascorbic acid in germinating 
soyabeans and the vitamin C values of the resulting soyamilk. 


5tage of germina 
tion. 

No. of hrs. of 
germn. after ini- 
tial soaking. 


"Soyabeans” 


ex- 

dry 


"Soyamilk’ 

’ 

Values expressed as mg. / 100 

<2 

p 

vit. C 
sed on 
basis. 

Values expressed 
per litre. 

as mg. 

Reduced. 

Dehydro-. 

Total. 

Totai 

pres 

wt. 

Reduced 

Dehydro. 

Total 

0 

o’* 

* 2.2 

2.3 

4-5 

8.9 

4.8 

1.6 

6.4 

1 

24 

5-2 

4.1 

9-3 

ig .9 

II. 2 

4-5 

15-7 

II 

48 

9.4 

4.2 

13-6 

29,4 

17.0 

3-2 

20.8 

III 

72 

II. 6 

3-6 

15-2 

34-8 

21. 1 

1-5 

22.6 

IV 

96 

14-3 

I. I 

15-4 

33-7 

20.5 

1.6 

22.1 

V 

120 

15.0 

1.8 

16.8 

36.1 




VI 

144 

14.2 

1-5 

15-7 

35-9 





18 hours' soaking. 
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Next the influence of varietial differences on the vitamin C production in the 
germinating soyabean and the values for soyamilk was investigated, so as to hit 
upon the variety most satisfactory from the point of maximum vitamin C content of 
the prepared milk. Results given in table IV show that the white variety as 
compared the black one yeilded much higher results. The one from Bengal was 
specially best suited. An added advantage with the white variety of soyabean is 
that during the milk preparation complete dehusking prevent introduction of any 
dark coloration to the milk. 


TABLE IV 


Varietal differences and vitamin C production in germinating 
soyabeans and the milk prepared therefrom. 


Variety. 

Viability' ex- 
pressed as % 
germination. 

Period of ger- 
mination horns 
after initial 

soaking. 

Length of 
sprouts 
(cm.) 

Total vitamin 
C in 100 g. 
of fresh beans 

(mg.) 

Total vitamin 
C of the soya- 
milk mg. per 
litre. 

Black 







(local) 

71 


24 

0.9 

7-1 





48 

1.8 

II. 2 

17.4 




72 

2-5 

12.4 

19.6 

Black No. 2 







(from Bengal) 

78 


24 

0.8 

8.6 





48 

1.9 

12.7 

18.9 




72 

2.7 

13-7 


Black No. 3 







(from Bengal) 

80 


24 

0.8 

7-9 

... 




48 

2.0 

10.5 

17.8 




72 

2.7 

12.8 

21.0 

White 







(local) 

98 


24 

1-3 

9-3 

15.7 




48 

2.6 

13.6 

20.8 




72 

3-5 

15.2 

22.0 

(from Bengal) 

99 


24 

1 .2 

9.1 





48 

2.8 

14.8 

21.7 




72 

3-6 

17.4 

23.4 


During initial studies, the germinating soyabeans were observed to possess 
considerable ascorbic-oxidase activity. Since the release of this during the prepara- 
tion stages of the soyamilk from the germinated beans would greatly affect the final 
vitamin C values of the milk, a detailed study of this aspect was deemed essential. 
In table V below are presented results regarding development of ascorbicase activity 
on extended germination of the soya bean. For the determination, 4 g. of the 
germinated bean were thoroughly ground in glass water, centrifuged and made 
to 20 cc. to 10 cc. of the centrifuged extract were added to 3 cc. sorensen’s phosphate 
buffer pH 6'0 and 2 cc. of ascorbic acid soln. containing 2 mg. of the vitamin and 
the mixture was then kept at 25° C. At stated intervals of time 2 cc. of the solution 
were withdrawn 5 per cent. HPO-, added to stop the reaction and then titrated against 
stadardized indophenol dye. The results are extressed as percentage original 
ascorbic acid destroyed. Correction was applied for the ascorbic acid present in 
the germinated bean. 
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TABLE V 

Development of ascorbic Oxidase in germinating soyabean. 


Period of 
gennination 
in hours. 

10 

Destruction of ascorbic 

20 

acid in time 

40 

(mins.) 

60 

0 (Soaked 18 hours) 

0 

0 

0 

0 

24 

13-3 

30.6 

41.2 

64.6 

48 

31-5 

52.5 

64.8 

100.0 

72 

29.2 

47-4 

67-5 

88.3 

96 

26.3 

47-6 

59-8 

77-9 


It may be noted that the activity teaches maximum at about 48 hours germina- 
tion period and then falls down. As against this it may be recalled that Vitamin C 
production reaches near maximum value on 72 hours germination. Thus it would 
be apparent that ascorbic oxidase activity is an important factor in determining the 
vitamin C values of milk prepared from the beans germinated for 48 or 72 hours. 
During the soymilk preparation the time taken to reach the stage of boiling the 
mass — i.e., when most of the enzymic activity would be destroyed — is easily any- 
where between 10-20 mins and as obvious from the above table, in case initial 
scalding is not restored to the loss due to enzymic oxidation may easily exceed 20 
per cent, of the normal vitamin content. Preliminary scalding of the beans is 
therefore essential prior to the preparation of soyamilk. It also helps in removing 
the bitter principles and other factors which adversely affect the good flavour of 
soyamilk. However a proper adjustment of the conditions of scalding has to be 
brought about which would accomplish the complete inactivation of the ascorbicase 
while at the same time affecting to a minimum extent the vitamin C content of the 
beans and the milk prepared therefrom. Results of some experiments carried with 
this view are given in Table VI. The scalding of the germinated beans was done 
in an aluminum vessel heated and maintained at the requisite temperature. It also 
contained 0-04 per cent, sodium bicarbonate. Contrary to expectations there was 
not any significant extra loss of vitamin C in the bean on this account, as seen from 
a separate experiment (Table VII). The addition of 0-04 per cent, sodium bicarbo- 
nate helped in eliminating the bitter principles of the bean pericap and in improving 
the taste of the milk. 


As may be seen from Table VII scalding at 75° for 10 mins is sufficient for bring- 
ing about almost complete inactivation of the ascorbic oxide while least affecting the 
vitamin C value of the milk. Higher temperatures inactivate the enzyme in shorter 
time but the deleterious effect on the vitamin C in the milk is considerable. 


4 
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TABLE VI 

Influence of hotioater scalding on ascorbic oxidase destruction and final vitamin C 

values of soy milk. 


Activity expressed as % added vitamin C destroyed in 15 minutes. 


Conditions 

Temperature 

of Scalding 

Time in mins. 

Ascorbic-Oxidase activity 

48 hours. 72 hours, 

germinated germinated 

beans. beans. 

Vitamin C values 
of the soyamilk. 
mg. per litre 
(from 72 hrs. 
germn. beans). 


5 

8.4 

10.7 

16.8 

75 ° 

10 

2-3 

1. 1 

22.6 


15 

nil 

nil 

19.4 


5 

3-1 

2.9 

20.0 - 

85° 

10 

nil 

0.8 

18.9 


15 

nil 

nil 

16.6 


TABLE VII 

Effect of o-o/j. per cent, sodium bicarbonate in the scalding water on the vitamin C 
values of germinated soyabeans and soyamilk. 


Conditions. 

Vitamin C content of 
soyamilk mg. /litre. 

^'itamin C content of 
germinated beans 
mg./ 100 g. 

Scalding (10 mins, at 



75°) in water alone 

15.3 

22.2 

,, plus 0.04% sodi bicarbonate 

15-r 

21.9 


Conclusions 

A systematic study of the production of vitamin C in soyabean on extended 
germination, of its utilisation towards the preparation of soyamilk of high vitamin C 
content as compared to cows’ milk and the relationship of other factors governing 
these two aspects has revealed that 72 hrs. germination of the beans (preferably the 
white variety) yields a fair quality milk containing nearly optimum amount of 
vitamin C — 22-6 mg. per litre — which is appreciably higher than the average value 
given by cows’ milk, provided an initial scalding is carried out at 75°C for lo minutes 
to destroy the oxidase. It is also noted that the beans contain non-vitamin C 
reductions — mostly of sulphydral nature — percentage of which is considerable in the 
initial stages of germination. The existence of a larger proportion of vitamin C in 
the germinating beans during the early stages as dehydroascOrbic acid and their con- 
version to reduced ascorbic acid in later ones is again observed in the present investi- 
gations. 
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The high susceptibility of the vitamin C in cows milk to destruction from 
different agencies has been known since a long time. Particularly known has been 
that catalized due to Cu either present naturally or acquired later on from holding 
vessels — specially during pasteurization — and the resulting oxidised flavour (Sharp, i. 
Hand et al, 2) found to be ineffective in the absence of oxygen — ^by deaeriation of 
the milk — the catalysis due to Cu was observed to be checked by heating at tempera- 
tures much higher than pasteurization ones, presumably through tlie inactivation of 
vitamin C-oxidising enzyme present in cows milk (2). Kon and Watson {3) first 
noted the deleterious effect of sunlight exposure on vitamin C in cows milk and 
later Hopkins (4) showed it as that caused by the photochemical sensitization due to 
lactoflavin present in milk which in visible light is itself decomposed into lumi- 
chromes capable of catalyzing the oxidation of ascorbic acid. It was thought that a 
detailed study of the stability of vitamin C in soyamilk as compared to cowsmilk 
under different conditions would be of great importance. Results of investigations 
are reported below. 

In table I are presented the comparative stabilities of vitamin C in soyamilk 
and cowsmilk held at 5° C. It would at once be seen that the retention is much 
higher in the former as against the latter. Effect of added thiourea o-oi per cent, 
which is known to be an excellent Cu — inhibitor and at the same time non-toxic, was 
also investigated.. Its beneficial effect in lessening the vitamin C losses on storage, 
markedly in case of cowsmilk, is apparent. That preparation of soyamilk either in 
glass-distilled water (completely free from contaminated Cu) or in tapwater (con- 
taminated with appreciable amount of Cu) does not make a very much difference in 
the Vitamin C losses may also be noticed, although however it is advisable to use 
glass-distilled water for preparation of soyamilk for e.xperimcntal purposes. Tliis 
indicates that the vitamin C in soyamilk is protected against catalysis due to small 
amounts of Cu introduced during the processing stages. The detailed studies on the 
effect of added high amount of Cu — ^to the extent of 0-15 mg. per litre (an amount 
which is easily introduced from holding methods of pastuerisation) on the vitamin C 
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stability in soyamilk and cowsmiik, are given in Table I. ■ The very serious loss of 
original vitamin C in cowsmiik, to the extent of 94 per cent, in 3 days at 5” is 
apparent. On the other hand the corresponding loss in soyamilk is only about 53 
per cent.— although much more than soyamilk alone. The marked protection offered 
by thiourea against Cu catalyzed destruction of vitamin C in both cowsmiik and 
soyamilk — although far more apparent in case of former (there is only about 57 per 
cent destruction in case of thiourea — stabilized cowsmiik as against 94 per cent, in 
case of the one without it) may also be observed. 

The results for soyamilk clearly indicate that the vitamin C therein as against 
that in cowsmiik is effectively stabilized against destruction on storage specially due 
to Cu catalysis. The protection offered is however not optimum as could be seen 
from the further beneficial effect of added thiourea. 

As may also he seen from Table II no support could be obtained for the 
observation of Sharp (5) that heating at high temperatures (77°) inactivates the 
capability of added Cu to catalyze the destruction of vitamin C in cowsmiik — 
presumably due to the inactivation a Cu — enzyme. Actually there was slightly 
more loss. 


TABLE I 

Vitamin C in soyamilk and cowsmiik stored at coldroom temperature (5°) •• 
and the stabilizing effect of added thiourea. 



Original vitamin C 


Storage in days 


Description. 

content in mg. 

(% 

loss in Vitamin 

C) ■ 


per litre. 

I 

2 

3 

Soyamilk alone 





(prepared in glass — 





distilled water) 

22.4 

8.6 

17-5 

22.5 

,, + thiourea o.oi% 

22.4 

6.9 

16.4 

20.2 

Soyamilk prepared in tapwater 

21-3 

10. 1 

17.4 

24-5 

Cowsmiik 

17-3 

15-4 

22.4 

36.8 

,, +m thiourea 

17-3 

10.2 

19. 1 

30.2 


TABLE II 




Destruction of vitamin 

C in soyamilk and cowsmiik due to 


Cu catalysis and its prevention by thiourea. 



SI. No. Description. 

Original vitamin 

C % Vitamin C destruction 


mg. /litre. 

in 

days (stored at 

5 °) 

(i) Soyamilk alone 

22.4 

8.6 

17-5 

22.5 

(11) ,, +Cu 0.15 mg./lit. 

22.4 

17-3 

29.7 

52.6 

(in) ,, + + thiourea 0.01% 22.4 

13-5 

21.8 

30.0 

(tv) Cowsmiik alone 

17-3 

15-4 

22.4 

36.8 

(n) ,, 4- cu 0.15 mg./lit. 

17-3 

38.6 

77.1 

93-5 

(vt) + ,, + thiourea 0.01% 17.3 

20.6 

34-7 

56.5 

(nil) ,, + ,, heated at 77° 

15-6 

40.1 

78.4 

97.6 

for 15 minutes 




before storage. 



, 

; 
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The results of investigations on the influence of sunlight exposure on the vitamin 
C destruction in soyamilk as compared to cowsmilk due to the photochemical 
sensitization caused by existing riboflavin are presented in Table III. It would at 
once be seen that whereas the losses in vitamin C in cowsmilk on exposure to direct 
sunlight for two hours was of the order of 90 per cent, it was extremely small only 
about 2-3 per cent. — ^in case of soyamilk exposed to direct sunlight for same period. 
That bringing up the level of riboflavin to that of cowsmilk — assuming that to be a 
prime factor in the photochemical sensitization — does not in any marked way induce 
additional vitamin C losses in soyamilk may also be seen from Table HI. 

TABLE III 

Influence of sunlight exposure on vitamin C in soyamilk and cowsmilk and the 
destruction due to riboflavin — caused photochemical sensitization. 


Original % retention of the original ascorbic acid 


Description 

Vitamin C 
content mg. 

in time 

(minutes) 



per litre 15 

30 

60 

120 

Cowsmilk 

17.8 77.8 

65 -9 

42.6 

II. I 

Control (kept in dark) 

17.8 100.0 

100.0 

— 

92.1 

Soyamilk 

21,9 100.0 

96.4 

97.3 

97-3 

, , Riboflavin content 

brought to the level 
of cowsmilk (addition 
of 25 /ig. per 100 cc.) 

21.9 100.0 

95-8 

98.0 

96-5 

Control (kept in dark) 

21.9 100.0 

100.0 

— 

100.0 

The results clearly point 

out that the vitamin 

C in soyamilk is not only 

stabilized against long storage and Cu catalized destruction but also against that 
due to sunlight through sensitization by riboflavin. Final confirmation of this fact 
and the fact that the protecting factor or factors are absent in cowsmilk was sought 

from the observation that 

vitamin C in cowsmilk mixes with 

equal 

volume of soyamilk was more stable than cowsmilk alone 

under the 

above 

conditions. 

TABLE IV 




Stabilization of vitajnin 

C in cowsmilk mixed 

with Soyamilk (i : i). 



Vitamin C % destruction of original vit. C in time 

Description. 

Original 
mg. per litre. 

I day 

2 days 

3 flays 

"Cu Catalyzed (0.15 mg/ 1 )” — 





Cowsmilk alone 

i8.r — 

35-9 

80.1 

95-2 

Cowsmilk + soyamilk (i : 1) 

20,1 • — 

24-3 

59 -fl 

75-6 


15 mins. 30 mins. 

60 mins. 12 

0 mins. 

"Induced on sunlight e.xplosure" 

— 




Cowsmilk alone 

18.1 ' 20.9 

37-1 

60.2 

91.2 

Cowsmilk + soyamilk (1:1) 

20.1 9.4 

16.2 

33-4 

50.7 
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Conclusions 

It has been known since a longtime that Cu and more specially sunlight is 
instrumental in causing a severe destruction of vitamin C in cowsmilk. The preven- 
tion of former at least, was suggested (Hand et al, 2) by means of a deaeriation 
process and heating above pasteurization temperatures. The destruction due to 
second agency— caused by lactoflavin present in milk— may also be prevented to 
some extent by this means as the vitamin C oxidation in second case is not known 
to proceed in absence of molecular oxygen. The present investigations have shown 
the beneficial effect of added thiourea— a nontoxic Cu inhibitor— in stabilising 
vitamin C against the first type of destruction, both in cowsmilk and soyamilk, 
although very markedly in the former case. The high stability of vitamin C in 
soyamilk against both types of destructive agencies has pointed out the presence 
of vitamin C protecting factor or factors in soyamilk which are absent in cowsmilk. 
With the evidence at hand, it is difficult to postulate the nature of protecting 
system. Some plants have been known to contain protective mechanism for vitamin 
C against Cu — Oxidation (5, 6) have demonstrated the presence of an enzyme 
responsible for reduction of dehydroascorbic acid to ascorbic acid in broad beans. 
However the protective factors in soyamilk could not possibly be enzymic in nature 
as it would not survive the high heating in the processing stages of soyamilk. The 
fact that the protective mechanism is completely able to inhibit the sensitization 
due to ribofiavin which is decomposed into lurnichromes (or other products) which 
in turn bring about the vitamin C oxidation would at first suggest that either the 
protective factor combines with lurnichromes (or other decomposition products), 
thereby eliminating them or that it is oxidised at a rate faster than vitamin C itself. 
The latter possibility, however, would appear less when it is considered that when 
all of the factor is oxidised addition of riboflavin would cause destruction of vitamin 
C. The effect of added ribofiavin, however, does not indicate this. 

Further work which would throw light on the possible nature of the vitamin C 
protecting system in soyabean and soyamilk is in hand. 
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In two earlier papers (Ahmad, Mehra, and Bharihoke 1946, i and ii) the results 
of a careful investigation of the thiamin content of different kinds of wheat, wheat 
products, and other foodstuffs, constituting the main items of diet and furnishing 
the greater portion of thiamin in the dietary of the people in Northern India have 
been reported. In both these studies the loss of thiamin in cooking and in the 
making of various food preparations from cereals and cereal products, according 
to the methods commonly used in Punjabi homes were also carefully investigated. 
On the basis of this knowledge, it was considered desirable to determine the thiamin 
intake of different population groups in this region. This was of particular interest 
because this region is regarded as one of the large thiamin consuming areas, while 
on the other hand certain mild conditions which respond to thiamin therapy arc 
not uncommon. 

In this study the thiamin intake of 31 human groups at different economic 
levels with certain differences in dietary habits and living in different rural and 
urban parts of Northern India, have been investigated. The stud}' is based on 
31 dietary surveys, one of which was undertaken by the authors in Lahore, and 30 
others published surveys by the Department of Public Health, Punjab, and other 
nutrition workers in the region. In most dietary studies the estimates of vitamin 
intakes are generally made on raw food basis, calculating values from data reported 
in published food tables. Obviously this method has limitation. We have, in this 
investigation, taken into consideration the thiamin content of the cooked food as 
consumed by the people by taking into account the losses in the indigenous method 
of cooking. At the same time the values of thiamin used were those which referred 
to the local varieties of foodstuffs grown in th& region. In Table I, are presented 
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the description of the various population groups and -the data regarding iheir 
average thiamin intake. 


TABLE I. 


No. Description of the Total thiamin 
population group. intake on 

cooked food 
basis 
(/<g) 

Total 

calorie 

intake. 

Thiamin 
intake per 
calorie. 
(/<g) 

Reference to dietary 
survey. 

Jhiamin intake of 31 population groups of Northern 

India. 


I. Five middle class 

families of Lahore. 1829 

3500 

0.52 

Unpublished survey 

2. Six well-to-do Hindu 

families. 1466 

3200 

0,46 

by the authors. 

Wilson and Widdow- 

3. Eight middle class 

Hindu families. 1327 

2655 

0.50 

son (1942) 

1 1 

4. Six poor class Hindu 

families. bgo 

2100 

0.33 

1 1 

5. Sixteen middle class 

Muslim families. 1125 

2542 

0.44 

f * 

6. Twenty-two poor class 

Muslim families. 1032 

2284 

0.45 

1 > 

7. Twenty-three middle 

class Sikh families. 1434 

2840 

0,50 

1 k 

8. Fourteen poor class 

Sikh families. i486 

2227 

0.54 

-■ 

Rural wheat-eating communities of Punjab. 
9. Nine middle class 

families. 1425 

3042 

0.47 

t » 

10. Nine poor class 

families. 1319 

2391 

0.55 


Urban wheat-eating communities of Punjab. 
II. Nine middle class 

families. 1480 

2430 

0.60 


12. Nine poor class 

families. 1167 

2342 

0.50 

,, 


Different tribes of cultivators in the rural areas of Lyallpur District. 


13 . Fifteen families 
Arains (A). 

of 

2041 

3854 

0.53 

Report Punjab Public 

14. Fifteen families 
Arains (B). 

of 

2070 

4106 

0.50 

Health Department 

(1943)- 

15. Fifteen families 
Muslim Jats. 

of 

2346 

4321 

0.54 

f > 

16 . Fifteen families 
Sikh Jats. 

of 

2346 

5055 

0.46 


17. Fifteen families 
Janglies. 

of 

2107 

3822 

0-55 

*$ 
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No. Description of the 'Total thiamin 

Total 

Thiamin 

Reference to dietary 

population group. intake on 

calorie 

intake per 

survey. 

cooked food 

intake. 

calorie. 


basis 


(Mg) 


(/<g) 



c 


Different types of cultivators 

in the Lyallpm District. 


18. Fifty families 

of 




owner-cultivators . 


30,17 

41S4 

0.72 

IC). Seventeen families 

of 




owner- tenants. 


2183 

4290 

0.51 

20. Eight families of land- 




less tenants. 


2244 

4121 

0.54 

21. Average of above 




seventy-five families 




cultivators. 


2124 


0.5T 

Different centres in the Kangra Valley. 



22. Fifteen families 

of 




Launa village. 


43 ^ 

2468 

o.iS 

23 . Fifteen families 

of 




Gorra village. 


10G2 

3029 

0.35 

24. Fifteen families 

of 




Chilali village. 


1487 

2923 

0.51 

25. Fifteen families 

of 




Bhadwar village. 


1717 

357 <i 

0.48 

Different centres of Kangra 

Valley at 

different seasons. 


26. Sixty families 

of 




Launa, Gora, Chilali 




and Bhadwar in pre- 




monsoon period. 


1221 

3009 

0.41 

27. Sixty families 

of 




Launa, Gora, Chilali, 




and Bhadwar in Mon- 




soon period. 


1105 

2939 

0.38 

Individuals of different 

communities in 

the Kangra Valley. 


28. A Brahmin. 


1300 

2975 

0.44 

29. A Chamar. 


1393 

2526 

0.55 

JO. A Girth. 


334 

1964 

0.17 

31. A Weaver. 


49G 

2819 

0.18 


Report Punjab Public 
Health Department 
{I94-3)- 


Report Punjab Pttblic 
Health Department 

(1939)- 


Report Punjab Public 
Health Department 
U939)- 


Report Punjab Public 
Health Dcpaitment 
(.^939)- 


Report Punjab Public 
Health Department 

(1939)- 


5 
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It is well recognised that calorie intake is of importance in considering the 
requirements of thiamin. A somewhat moderate intake of thiamin may be adequate 
when total calories intake is low and the build of the individual small, but it may 
prove totally inadequate with a large calorie intake and a somewhat bigger body 
build. In Nutrition surveys undertaken in this country it is rarely that calorie 
intake has been given sufficient consideration. While this point may not be of 
such great importance for urban population groups consuming moderate calories, 
in rural areas dealing with population groups of bigger body build and engaged 
in hard manual labour such as those of land cultivatore, consuming over 4,000 
calories, this subject assumes considerable importance. It may also be pointed 
out that in dealing with a substance which is readily destroyed, with exposure 
to heat and when losses are large in methods of cooking employed, the calculation 
of dietary intake on the basis of raw foods, a practice generally followed in such 
investigations may give a totally erroneous idea of the state of things. For studies 
with respect to thiamin, the estimates of intake must therefore be made on the 
cooked food basis as has been done in this investigation. 

In the above table the data on the total thiamin intake as well as the thiamin 
intake per calorie calculated for each populations group has been presented. It 
would naturally be of interest to examine these in the light of thiamin requirements. 
The standard requirements of thiamin, which have been the subject of consider- 
able investigation and thought, by different authorities, are shown in Table II. 

TABLE II. 


Standard vitamin Bi requirements. 


Dietary Physiological 

condition. state of the 

individual. 

Standard of 
calories. 

Standard total 

daily requirement 
of thiamin. 

Standard require- 
ment of thiamin 
per calorie. 

Reference. 

Mixed European 

diet — 

3,000 

0.75 mg. 

0.25 mg. 

Williams and 
Spies (1938) 

Non-fat carbo- 

hydrate diet — 

3,000 

1.05 

0-35 

/ 1 

Normal mixed 

diet Normal man 

3,000 

1. 80 

0.60 

Food and Nutri- 
tion Board, Na- 
tional Research 
Council U.S.A. 

Very active man 

4,000 

2.30 

0.60 

r , 

Normal woman 

2,500 

1.50 

0.60 

t r 

Very active woman 

3,000 

1.80 

0.60 

$ 1 

,, Pregnant woman 

2,500 

1.80 

0.72 

’■ 

,, Lactating woman 

3,000 

2.30 

0.77 

ft 


In the light of these standards, the position of the 31 diets is graphically shown 
in Fig I. It will be noticed that all diets fall short of the standard for lactating 
woman, only one out of the 31 diets comes upto the standard for pregnant woman. 
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and on!}? two diets are upto standard for a normal man or woman or a very active 
man or woman according to the allowances recommended by the Food and Nutrition 
Board of the National Research Council, U.S.A. Williams and Spies have 
estimated the requirements for a mixed diet to be 0.25 fig per calorie and for a 
non-fat carbohydrate diet 0.35 fig per calorie. The diets which we have been 
considering are in no way comparable to a mixed European diet for which Williams 
and Spies have estimated the normal requirement of 0.25 fig per calorie. The 
diets used by these communities in Northern India are more comparable to a non- 
fat diet since they consist very largely of carbohydrate with only negligible amounts 
of fat. Therefore, according to this estimate the minimum requirement for these 
human groups would be 0.35 /tg per calorie. Considering this as the minimum 
requirement we find that 4 diets arc below the standard, while all the rest are 
adequate. 

While considering the adequacy of these diets with respect to thiamin, climatic 
factors also need to be taken into consideration. It is well established that in fever 
and in h}q)erthyroidism there is an increased requirement of vitamin Bi. A very 
interesting observation has been made by Mills on the effect of external 
temperature on thiamin requirement. He has found that young rats maintained 
at an environmental temperature of 91° F. require double the amount of thiamin 
as compared to animals kept at 65° F. Jf this observation is correct and is applic- 
able also to humans in tropical regions where environmental temperatures are high 
and range between 100-115'’ F. in summer, the requirement of vitamin Bi must be 
higher than those commonly determined for temperate climates. 

In view of these facts it can be concluded that many sections of the population 
in this region, contrary to common belief, are by no means receiving a diet con- 
taining normal allowances of thiamin as commonly recommended. The diets of 
some of the poorer sections of the population is inadequate in this factor. Accord- 
ing to medical opinion signs which could be ascribed to thiamin hj^povitaminosis 
are not uncommon and a large number of medical practitioners continue to prescribe 
thiamin therapy with considerable success in certain conditions of undefined aetio- 
logy. Further studies on this subject are in progress. 
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Vitamin 'A’ destruction in Shark liver oil . — ^Fresh body and liver oils have 
no strong flavour. However, they develop the characteristic disagreeable odour 
on storage. The development of bad odour is mainly due to oxidation. Peroxides 
are formed as a result of oxidation and they destroy the vitamin ‘A’ present in 
fish liver oils (l). Vitamin D is comparatively more stable than vitamin ‘A’. 
The oxidation of vitamins by peroxides takes place more rapidly at higher tempera- 
tures and it has been observed that in a tropical country like India cod liver oil, 
halibut liver oil and other vitamin concentrates lose their vitamin potency on 
storage at a comparatively rapid rate (2). So the problem of preserv'ing fish 
liver oils is one of great importance in this country. 

Several workers have studied the stability of vitamin ‘A’ in fish liver oils 
under different conditions of storage (3, 4, 5). They have recorded wide variations 
in the amount of Vitamin 'A' destroyed (6, 7, 8, 9, 10, ii, i). Since the des- 
truction of vitamin ‘A’ in fish liver oils is mainly due to oxidation a convenient 
method of retarding oxidation changes is to add an antioxidant to the oil. Ever 
since 1922 when Moureu and Dufraisse reported the effectiveness of hydroquinonc 
as an .anti-oxidant a vast number of materials have been described in literature 
as possessing the propert}^ of inhibiting oxidation changes in oils and fats. Some 
of these are phenolic compounds as hydroquinonc (12), pj'rogallol (13) n-and (i- 
Naphthol (14) : numerous organic nitrogen compounds including various amines 
(15), hj'drazines (16), diphenyl guanidine (17) cyanamide (18) ; several chlorinated 
and brominated paraffins (19) ; polybasic acids such as phthalic and maleic (12) 
and such materials as gum guaiac (20) Lecithin (21), and crushed oil bearing 
seeds and cereal flours (22). Many of these substances are toxic and so are use- 
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less for edible fats. Recentfy, an observation was made in these laboratories that 
Kamala dye not only colours ghee but also helps to preserve it (23). 


In India a very valuable source of vitamin ‘A’ is shark liver oil. The pre- 
paration of shark liver oil rich in vitamin ‘A’ is now an established industry on 
the west coast of India. Information is not available about the factors which 
influence vitamin ‘A’ destruction in shark liver oil. The present investigation was 
undertaken with a view to obtain information on the subject and also to And out 
the effectiveness of antioxidants in retarding vitamin loss. 

Materials and procedure — The shark liver oil used for the experiments was 
kindly supplied by the Department of Fisheries, Government of Madras. 

Under ordinary conditions of storage vitamin ‘A’ destruction takes place 
slowly in fish liver oils. To find out the effect of adding antioxidants and deter- 
mine their efficiency within a reasonable length of time some kind of mild accelera- 
tion to promote oxidation changes is required. So thin layers of oil were exposed 
to the air at elevated temperatures. 

During summer months the temperature in the plains of India often exceeds 
40° C. and so it was decided to store the oil at that temperature and thus as far 
as possible follow conditions during usual methods of storage. 10 ml. samples 
of shark liver oil were stored in 100 ml. Erlenmeyer flasks fitted with loose stop- 
pers allowing passage of air. Weighed quantities of the antioxidants were directly 
added to the oil. The flasks were kept in an electrically maintained incubator. 
No light was allowed to reach the samples during storage. The peroxide value 
and the vitamin 'A’ content were determined at periodical intervals. Peroxide 
value was measured by the method described by Wheeler (24). 

The vitamin 'A’ content of the shark liver oil was measured in a Hilger Vita- 
meter A, using chloroform as solvent. No attempt was made to first separate 
the unsaponifiable fraction before determining the vitamin ‘A’ content in the oil 
because it is known that when peroxides and vitamin ‘A’ are present in a system, 
the peroxides very rapidly oxidise vitamin ‘A’ at elevated temperatures (25) such 
as the one used for the saponification of the oil. An objection to the spectros- 
copic method may be taken in that the oxidised vitamin 'A’ may also to a certain 
extent take part in absorption of ultraviolet light. The Carr-Price test does not 
offer a better method of determination because it is known that the oxidised 
cholesterol present in fish liver oil also gives a colour. It is true that the biological 
method is more reliable but as Lease et al (i) have shown the destruction of 
vitamin ‘A’ bv peroxides would continue even during the course of the bio-assay. 
Hence the biological method is of limited usefulness in this case. 

The results obtained after storing the oil at 4o°C. in the dark are given in 
the following table. The oil was found to be very rich in vitamin ‘A’ and the 

factor for converting- E„= ^ - 328 m/t. into international units was taken as iioo. 

1% 
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TABLE I 

The Vitamin 'A" content and ■peroxide value of shark liver oil. 




Peroxide 

value 



Vitamin content in I.U. 


.s 


H 

0 

d 

'-P 

q 

d 

to 

0 

d 


M 

0 

d 

0.02% 

0^ 

IT) 

0 

d 

0 

E 

0 



+ . 

0 

B 

+ . 


+ . 

C 

.-O 



G 




P 

0 

u 

OM 


Std 

Q 

CM 

ow 

oK 

0 

Nil 

Nil 

Nil 

Nil 

9310 

9310 

9310 

9310 

7 

Nil 

Nil 

Nil 

Nil 

9200 

9320 

9310 

9310 

14 

10. 1 

8.2 

7.2 

Nil 

8070 

8775 

8975 

9055 

21 

84.2 

45-4 

3«-7 

7 -r 

6560 

8030 

9395 

8600 

28 

210.6 

lOI.I 

84.6 

15-2 

4125 

6000 

6550 

8135 

35 

237.8 

232.1 

223.5 

CO 

0 

1550 

3610 

4450 

6605 


The results are also represented graphically in Fig. i. Peroxide formation 
in the untreated sample has taken place more rapidly than in the treated samples. 
Kamala dye and hydroquinone have both retarded the formation of peroxides 
but towards the end of the period of storage i.e., after about five weeks, the 
amount of peroxides in all the samples is more or less same. As will be men- 
tioned below the vitamin contents of the different samples after five weeks storage 
are not the same indicating that the peroxide value is of limited usefulness, in 
following vitamin ‘A’ destruction in fish liver oils. 

Vitamin destruction has taken place very rapidly in the unterated control, 
the vitamin content after five weeks of storage being barely one sixth that of the 
original sample. Even the addition of 0.1% Kamala dye has appreciably retarded 
vitamin loss while the results obtained after the addition of 0.2% of the dye are 
even better. Addition of 0.05% hydroquinone was ver}' helpful in retarding the 
destruction of vitamin 'A’ and it acted as a more efficient antioxidant than 
Kamala dye. 

Effect of light. — ^Vitamin 'A’ exhibits its characteristic absorption spectra near 
328 m/i and according to the Grotthus Draper law one may expect that light of 
wavelength 328 m^u can produce photochemical changes in vitamin ‘A’. These 
theoretical considerations have been confirmed in practice as a result of research 
work carried out in different parts of the world (26, 27, 28). Several workers 
have recorded that vitamin ‘A’ is destroyed by irradiation (29, 30). But Heilbron 
ei al (31) also observed that in liver oils which with the antimony trichloride test 
showed a preponderance of the 572 m/t chromogen over that of the 606 m/t an 
increase in the strength of the 606 m,u occurred after several months storage toge- 
ther with a small increase in the strength of the extinction coefficient of the oils at 
320 m/i (32, 33, 34). 

In view of divergent results obtained by several workers it was thought 
desirable therefore to find out the action of light on Indian shark liver oil and 
also the protection afforded by anti-oxidants. 

10 ml. samples of shark liver oil were stored in 100 ml. flasks at the labora- 
tory temperature. The fiasks were provided with loose fitting stoppers permitting 
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passage of air. One batch was stored in the dark. Another batch was kept on 
a window-sill facing north. The antioxidants were added to the oil directly. 
Diffused light passed through the glass panes and the walls of the flask before 
reaching the oil. No direct sunlight was allowed to act on the oil. 

The samples were analysed for their vitamin 'A’ content and peroxide value 
at frequent intervals. The following table shows the results obtained. The results 
are also graphically represented in Fig. 2 and 3. The laboratory temperature 
during the course of the experiments varied between 20°C. and 30°C. 


TABLE II 

Peroxide value of the samples in ml. and thiosulphate per Kg. of oil. 



Samples stored in 

dark. 

Samples stored in diSused light. 

Time in 













days. 

Control. 

Oil + 0. t% 
K.D. 

Oil + 0.2% 
K.D. 

Control. 

Oil -f 0.1% 
K.D. 

Oil -f 0.2% 
K.D. 

0 

Nil 

Nil 

Nil 

Nil 

Nil 

■Nil 

7 

Nil 

Nil 

Nil 

5-1 

5 - 0 , 

3-0 

14 

9-3 

3-0 

Nil 

53-9 

40-3 

30-3 

21 

22.6 

8.0 

6.6 

292.0 

242.2 

145-3 

28 

39-5 

ij-i 

ir -3 

375-3 

318.0 

328.3 

35 

60.7 

34-0 

24.9 

420.0 

378.0 

402.2 




TABLE III 





The vitamin content of the samples 

in International Units. 


Time in 

Samples stored in 

dark. 

Samples stored in diffused light. 






Oil + 0.2% 
K.D. 

days. 

Control. 

Oil + 0.1% 
K.D. 

Oil + 0.2% 
K.D. 

Control. 

Oil 4 - 0.1% 
K.D. 

0 

9310 

9310 

9310 

9310 

9310 . 

9310 

7 

8898 

9200 

9256 

8049 

8870 

9015 

14 

8870 

9020 

9310 

7045 

7960 

8860 

21 

8304 

9160 

9390 

5335 

5325 

5870 

28 

7989 

8955 

9165 

2663 

3065 

3438 

35 

7895 

8685 

9115 

2505 

2750 

3372 


It will be seen from the tables that light has greatly accelerated peroxide 
formation. Addition of 0.1% Kamala dye retarded peroxide formation in the 
initial stages. 0.2% addition of the dye was slightly better but all the treated 
samples showed more or less the same peroxide content as the untreated one 
when examined after four weeks. Vitamin deterioration took place very quickly 
when the samples of the fish liver oil were exposed to diffused light. Addition 
of the antioxidant was helpful but the protective effect was not much. The 
samples stored in the dark showed higher vitamin content than those stored in 
diffused light. 

A second batch of shark liver oil similarly prepared and kindly supplied by 
the Director of Fisheries, Government of Madras was used for these experiments. 
As before 10 ml. samples of the oil \vere stored in 100 ml. Erlenmeyer flasks fitted 
with loose stoppers allowing free passage of air. The temperature of the incubator 
was maintained at 40 °C. The amount of vitamin 'A’ in the samples was mea- 
sured at frequent intervals in a Hilger Vitameter ‘A’. 
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The following antioxidants were used; — 

(1) 0. 1% Kamala 

(2) 0. 05% Kamala+0.02% Maleic acid 

(3) 0 - 05% Hydroquinone 

“ , (4) 0.025% Hydroquinone +0.05% Kamala dye 

. " ’ (5) 0.1% Kamala + 0.5% Oleic acid. 

A number-of combinations are possible but only a few have been selected. Weighed 
quantities of the antioxidants were directly added to the oil. The results obtained 
are prfesented in Table IV. The results are also graphically represented in Fig. 4. 

TABLE IV 

Synergetic effect of antioxidants. 


Vitamin content of the samples in I U. 


Time in 
days. 

Blank. 

Oil + K D 

Oil + K.D 
+ Maleic 
acid. 

Oil + H.Q. 

Oil + H.Q. 
+ K.D. 

Oil + K.D. 
+ Oleic 
acid. 

^ 0 

7310 

7310 

7310 

7310 

7310 

73 m 

8 

7150 

7406 

7461 

7328 

7267 

7586 

12 ‘ 

7031 

7156 

6924 

7473 

6734 

65C3 

16 

3434 

6512 

5980 

5980 

6122 

5687 

20 

2995 

3948 

4143 

5453 

5909 

5319 

24 

2495 

3846 

3774 

5145 

5545 

5089 


The results show that vitamin loss has been taken place very rapidly after 
ten days in the untreated sample. After about sixteen days the oil became very 
viscous. The high viscosity of the oil probably prevented the access of oxygen 
to the deeper layers of the oil. The retardation in the destruction of vitamin 'A' 
after sixteen days may be due to this cause viz., the high viscosity of the oil. 
Addition of 0.1% Kamala dye is very helpful in preventing vitamin loss. A 
combination of 0.05% Kamala dye and 0.02% maleic acid is as effective as 0.1% 
Kamala dye. In this case also the oil became very viscous after twenty days. 
The retardation in vitamin loss after this period may be due to the high viscosity 
of the oil. Hydroquinone is a powerful antioxidant and addition of even 0.05% 
hydroquinone greatly retarded vitamin loss. Because of the toxic nature of the 
inhibitor in high concentrations, hydroquinone may not be acceptable to the public. 
If instead of adding 0.05% hydroquinone, a mixture of 0.025% hydroquinone 
and 0.05% of less toxic Kamala dye is used, the effect is more or less the same. 
The synergetic effect of Kamala dye and oleic acid is remarkable. When oleic 
acid is added along with Kamala dye, the two act in combination and the inhibit- 
ing effect is greater than that of Kamala dye alone. From the tables it will be 
seen that the sample treated with Kamala dye has retained only about the 
original amount of vitamin ‘A’ after twenty four days. But in the case of the 
sample treated with Kamala ’dye and oleic acid, the sample retained more than 
the amount. This fact is interesting because oleic acid is an imsaturated acid 
and so it is by itself prone to oxidation changes. When present along with an 
antioxidant like Kamala dye the two act as an antioxidant combination. 
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Summary 

(1) Loss of vitamin ‘A’ in shark liver oil on storage has been studied. Kamala 
lidye and hydroquinone retarded vitamin ‘A’ loss in shark liver oil. 

(2) On exposure to diffused light peroxide formation and vitamin destruc- 
;tion in shark liver oil took place more rapidly compared with samples stored in 

the dark. The protection afforded by the antioxidant was greater when the oils 
were .'stored in the dark than with the samples stored in diffused light. 

*, (3) Mixtures of Kamala dye and maleic acid, Kamala dye and hydroquinone, 

j Kamala dye and oleic acid retarded vitamin ‘A’ loss in shark liver oil better than 
the dye alone. Particularly when oleic acid was present the S5mergetic effect was 
remarkable. 
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STORAGE OF GHEE: INFLUENCE OF THE METHOD OF PREPARATION 
AND ACIDITY ON THE KEEPING QUALITY OF GHEE 
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The resistance of ghee towards rancidity and vitamin ‘A’ destruction by heat 
and oxygen has been attributed to the presence of different amounts of protective 
substances present in it but since ghee itself is prepared from butter, the method 
of preparing butter may profoundly influence the keeping quality of ghee prepared 
from it. Butter may be prepared from milk by two processes, viz., the curd 
process and the cream process. In the curd process, pasteurised whole milk is 
taken, inoculated with lactic acid culture, soured, and the curd obtained is churned 
to get butter. In the cream process, pasteurised milk is passed through a cream 
separator. The separated cream comparatively rich in fat, the fat content varying 
from 30% to 60%, is then inoculated with lactic acid culture. After souring the 
soured cream is churned and butter is prepared from it. 

Previous work in these laboratories indicated that Kamala dye is a promising 
antioxidant for ghee (Govindarajan and Banerjee, 2). Unfortunately the experi- 
ments were conducted using commercial samples of ghee. The principal object of 
this investigation was to test the effectiveness of Kamala dye as an antioxidant on 
genuine fresh samples of ghee, prepared by both the curd and cream processes. 

Fresh pasteurised cow’s milk was taken and inoculated with a mixed culture 
of lactic acid bacteria. Immediately after the milk had coagulated the curd was 
churned and butter prepared out of it. Another portion of the milk was first passed 
through an ‘Alfa Laval’ cream separator. The cream obtained was inoculated 
with a mixed culture of lactic acid organisms. After ripening, the cream was 
churned, and butter prepared. The two samples of butter were washed well and 
immediately melted to prepare ghee. When the separated fat attained a tempera- 
ture of los^C. heating was stopped. The final products obtained possessed good 
ghee aroma. The samples of ghee so obtained were used for the experiments. 
The acidity of the ghee samples was determined. 

The acidity of ghee prepared by the cream process was 0.06% and that of 
the curd process ghee was 0.4% expressed as oleic acid. 
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The onset of rancidity usually coincides with or follows shortly after the end 
of the induction period. So to get an idea about the keeping quality of the various 
samples of ghee and also to test the efficiency of the antioxidant, the method of 
determining the induction period and the amount of oxygen absorbed described 
by French, Olcott and Mattill (2) was adopted with suitable modifications. Erlen- 
meyer flasks containing the fats to be tested were immersed in an electrically main- 
tained constant temperature oil bath. Each flask was fitted with a rubber stopper 
carrying an inlet and an outlet tube for oxygen both fitted with stopcocks and 
also an open mercury manometer to denote changes in pressure. Dry oxygen was 
passed through the flasks for about ten minutes and then the stopcocks on both 
the inlet and the outlet tubes were closed. Any pressure difference that might 
have been set up was equalized by momentarily opening the outlet stopcock. The 
reading of the two levels of the mercury manometer were taken at convenient 
intervals after absorption had started. The pressure changes due to temperature 
variation in the oil bath rarely amounted to i mm. and hence the absorption of 
even 0.5 ml. of oxygen resulted in a noticeable fall in pressure. The time of the 
beginning of oxygen absorption was taken to commence when a difference in levels 
in the mercury manometer was observed. Slight changes in temperature and 
atmospheric pressure as measured by pressure changes in a flask containing no 
fat in the course of the experiments were not appreciable and were neglected. The 
temperature of the bath was maintained at 95°C. and 20 grams of fat was taken 
for each experiment. Weighed quantities of the antioxidants were directly added 
to the fat. 
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Table I presents the results obtained. The oxygen absorption is represented 
graphically in Fig. A. 


TABLE I 


Substrate. 


Inhibitor 

added. 


Induction 

period. 

Antioxygenic 

index. 

1 . Ghee 

(cream process) 


Nil 


6 hours 


f t 

tt 

+ 

0.02% Kamala 

dye 

6 hours 

I 

t * 

$$ 

+ 

0.05% 


6 hours 

I 

2. Ghee 

(curd process) 


Nd 


7 hours 

... 

$f 

1 $ 

+ 

0.02% Kamala 

dye 

7 hours 

I 

t ( 

» 1 

+ 

0.05% 


7 hours 

I 


The antioxygenic index is the ratio of the induction period of the untreated 
sample to that of the treated sample. It will be observed that the antioxidant 
does not appreciably prolong the induction period of the ghee samples. Ghee 
samples prepared both by the cream process and the curd process do not differ 
much as regards their keeping quality. However, the rate of oxygen absorption 
after once the induction period was over was very much reduced by the addition 
of the antioxidant. The protection afforded by the antioxidant was not strictly 
proportional to the amount used. The effectiveness of the antioxidant was more 
marked in the case of ghee prepared by the curd or ‘deshi’ process. The greater 
protection afforded by the antioxidant in the case of curd process ghee may be 
due to the s}mergetic effect of Kamala dye, along with some other constituent pre- 
sent in ghee, possibly the free fatty acids.' The results bring out that another 
aspect of the problem should be given due consideration i.e., the effect of acidity. 
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Effect of acidity . — In India the chief centres of production of ghee are villages 
and the universal method adopted for preparing the butter is the curd process. 
Lactic fermentation of milk takes place very quickly in the summer season when 
the thermometer often registers a temperature over ioo°F. Because of the want 
of proper control over the process of manufacture the acidity of commercial samples 
of ghee prepared by the curd process usually varies from i% to 5% expressed 
as oleic acid. 

To find the effect of acidity the sample of curd and cream pfocess ghee 'used 
in the previous experiment were taken and sufficient oleic acid was added to raise 
the acidity to 2% . The induction period and the oxygen absorption of the sainples 
were determined. The results are given in the following table and graphically in 
figure B. 


TABLE II 
Effect of acidity. 


Substrate. 


Inhibitor 

added. 


Induction 

period. 

Antioxygenic 

index. 

I. Ghee (curd process) 

n II 

+ 

Nil 

0.02% 

Kamala 

dye 

1.5 hours 

5.5 hours 

3-6 

II II 

+ 

0 - 05 % 



8.0 hours 

5-3 

2. Ghee (cream process) 

II II 

+ 

Nil 

0.02% 

Kamala 

dye 

2 hours 

4.6 hours 

2.3 

II II 

+ 

0 - 05 % 

II 


6.2 hours 

3-1 


It will be obsevered that acidity plays a great part in determining the length 
of the induction period. The induction period of the two samples were respec- 
tively 1.5 hrs. and 2 hrs. This more or less corresponds to the 2 hrs. induction 
period for the commercial sample of ghee used in the previous paper. Oleic acid 
shortened the length of the induction period but when Kamala dye was present 
the two together acted as an antioxidant combination. So the beneficial effect 
of Kamala dye on commercial samples of ghee must be very likely due to the 
synergetic effect of the antioxidant and the free acid present in the samples of ghee. 
Since commercial samples of ghee usually have got a high acidity the use of 
Kamala dye as an antioxidant for such samples has got much in its favour. 

Summary 

1. Butter was prepared by cream process and curd process. .The induction 
period of ghee obtained from the butter samples was determined. It was found 
that the induction period of ghee was not much influenced by the method of pre- 
paration of butter, so long as the acidity Avas low. The protection afforded by 
Kamala dye on low acidity ghee samples was not much. 

2. The ghee samples were acidified with oleic acid. Addition of acid greatly 
reduced the induction period. 
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ROLE OF VITAMINS IN THE METABOLISM OF CALCIUM, MAGNESIUM 
AND PHOSPHORUS IN HUMAN SUBJECTS 

K. P. BASU AND H. N. DE 

From the Biochemical Laboratory, Dacca University, Dacca 
(Received for publication, March 25, 1947) 

With progress of research in the field of nutrition some evidence has accumu- 
lated to show that the vitamins possess some beneficial effect on the utilisation of 
nutritionally essential elements as calcium, magnesium and phosphorus. A brief 
study of the different work in this line is discussed below. 

Vitamin A : Literature regarding the role of vitamin A on the metabolism of 
essential elements is meagre. Bogert and Trail (i) and Macy et al (2) found improve- 
ment in the balance of calcium, magnesium and phosphorus after administering butter 
fat to adult women. 

Vitamin B ; Knowledge regarding the role of Vitamin B complex on the meta- 
bolism of calcium, magnesium and phosphorus is firmly restricted to the work of Macy 
et al (2), who found that the addition of yeast to the diet of adult women improved 
the retention of the above elements. 

Vitamin C : Investigations of Holst and Frolich {3) Howard and Ingvaldsen (4); 
Howe (5) Robb et al (6) ; Toverud (7) ; Mellanby (8) and Michaux {9) do not show 
any clear relationship between scurvy due to vitamin C deficiency and the metabolism 
of calcium and phosphorus. Although Chany and Blunt (10, it) found increased 
retention of calcium, magnesium and phosphorus and nitrogen following orange 
juice ingestion and attributed the increase to the vitamin C content of the juice, 
Daniels and Everson (12) did not find any improvement in the retention of the 
above elements when pure ascorbic acid was ingested. 

Vitamin D: Though vitamin D helps in the utilisation of calcium and phos- 
phorus, its function in utilisation of magnesium is a question of great controversy. 

7 
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From the above discussion it becomes clear that there are conflicting views 
regarding the role of different vitamins in the utilisation of calcium, magnesium 
and phosphorus. The purpose of the present investigations was, therefore, to obtain 
a clear cut picture of the roles of different vitamins, in the metabolism of the 
above elements. 

Most of the work discussed above was carried out on rats, chicks, etc. and 
a few were carried on human subject. 

In the present investigation all work was carried out by direct metabolic 
experiment on adult human subjects. 

Experimental 

Experimental procedure and the methods were the same as those are employed 
in previous investigations reported from this laboratory by Basu and Basak (13) ; 
Basu, Basak and Rai Sircar (14) ; Basu, Basak and De (15) and Basu, De and 
Basak (16). The supplement of different vitamins was given after a "collection” 
period of 3 days when the subject was on the basal diet and the supplementation 
was continued for a further period of six days including two periods of 3 days. 
The composition of the basal diets (rice-fish diet and whole-wheat diet) used in 
the present investigation is indicated in Table I (a). In most cases urine and 
faeces were collected for six consecutive days during which supplements were 
given. Each period consisted of three consecutive days and the arithmetical num- 
bers indicate the chronological order of the experimental periods. Period I was 
the preliminary period and does not figure in the tables. 

The role of the following vitamins in the utilisation of calcium, magnesium 
and phosphorus has been studied by direct metabolic experiments on 4 human 
subjects (adult males) and the data are presented in Tables II to VIII. 

Table I (b) represents the data regarding the content of different vitamin of 
the basal diets D I and D II. 

Vitamin A — (Pure carotene and "Prepalin” — ^Glaxo product). 

Vitamin B — complex (Yeast concentrate — (“marmite). 

Vitamin C — (Pure Ascorbic acid). 

Vitamin D — (Irradiated ergosterol — "Vigantol,” Merck-Bayer). 

Vitamin B, — (aneurin — "Benerva” Roche). 

Heat stable factor of Vitamin B-complex (Autoclaved marmite). 

Riboflavin. 


Methods of Analysis 

Following methods were adopted for estimation of Calcium, Magnesium and 
Phosphorus of basal diets, urine and faeces. 

Calcium and Phosphorus — ^Hawk and Bergeim,. 

Magnesium — Greenberg and Mackey (17). 
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TABLE I (a) 


Composition of the diets expressed in grammes. 



Non-vegetarian 
rice diet (D I). 

Whole wheat 
diet (D II). 

Rice 

600 

550 — 600 

Pulse 

60 

100 

Fish* 

70 


Vegetables: 

Potato 

100 

100 

Brinjal "| 

Bean | 

Potol j 

100 

100 

Pumpkin gourd ! 
Butter fat 


30 

Mustard oil 

30 

... 


*Fish used was small -fish as kakchi (Conica Sobona), Chapila {Clupea Chapra) and 
Mala {Amblyphyaryngodon mala) which supplied large amount of utilisable calcium to the 
poor rice diet [Basu, De and Basak (1942)]- 


TABLE I (h) 


Vitamin contents of the diets. 


Vitamin A and Carotene in International units 

Range 680 — 820 

Ascorbic Acid in mg. 

,, 15 — 18 

Nicotinic Acid in mg. 

,, 23 — 29 

Vitamin Bj (Aneurin) in mg. 

„ 1.7 — 2.4 

Riboflavin in mg. 

,, 0.82 — 1.64 ■ 


Vitamin A Carotene. — ^The vitamin A and Carotene content of the basal diets 
was much below the standard — the content ranged from 680 to 820 international 
units. The adult requirement ranges from 3500 to 4500 international units per day. 

Ascorbic acid. — ^The ascorbic acid content of the daily basal diet was also very 
low being 15 to 18 mg. The minimum requirement of an adult is from 25 to 30 
mg. per day. 

Nicotinic acid. — ^The dietary content of nicotinic acid was between 23 to 39 
mg. and this value was slightly higher than the adult requirement of 15 to 20 
mg. per day. 

Vitamin Bi — ^The basal diets were adequate with regard to the content of 
vitamin Bi which ranged from 1.7 to 2.4 mg. per day. The adult requirement 
of this factor has been found to be about i mg. 

Riboflavin. — ^The basal diets were just adequate with regard to the Riboflavin 
content. The adult requirement is 0.5 mg. per 1000 calories. 
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TABLE 11 

Showing the role of vitamin A in metabolism. 
The figures are expressed in mg. per day. 



Experimental 

subject. 

G. 

C. N. 

H. 

P. D. 


Diet. 

D I 

D II + 1000 units 
of Vitamin A 

D I 

D I + 1000 units 
of Vitamin A 

Mineral. 

Period. 

P II 

Av. of P III 
and P IV. 

P II 

Av. of P III 
and P IV. 

Calcium 

Intake 

441.0 

441.0 

542.0 

542.0 


Urine 

131.1 

96.6 

101.3 

86.4 


Feces 

283.2 

200.0 

316.4 

264.1 


Balance 

+ 26.7 

+ 144.4 

+ 124.3 

+ 191.5 

Magnesium 

Intake 

431 

431 

498 

498 


Urine 

49.4 

38.2 

84.2 

78.2 


Feces 

2,4.7 

190.0 

298.1 

261.0 

' 

Balance 

+ 138.9 

+ 202.8 

+ 115-7 

+ 158.8 

Phosphorus 

1 Intake 

1103 

1103 

1515 

1515 


Urine 

442 

430 

671 

621 


Feces 

502 

444 

692 

593 


Balance 

+ 195 

+ 229 

+ 152 

+ 30T 


Vitamin A and Carotene contents of basal diets: 

For subject G.C.N. — 780 Units (International) per day. 
For subject H.P.D. — 710 Units (International) per day. 


TABLE III 

Showing the role of vitamin B-complex {Marmite-yeast product) in metabolism. 


The figures are expressed in mg. 

per day. 


Experimental 

subject. 

G. C. N. 

G. 

C. D. 


D II 

D II + 10 e. 

D I 

D I + 10 g. 

Diet. 


Marmite (Yeast 

Marmite (Yeast 



product). 


product). 

Mineral. Period. 

P II 

Av. of P III 

P II 

Av. of P III 



and P IV. 


and P IV. 

Calcium Intake 

4S4 

484+ 3* = 515 

615 

615+ 3 i* = 646 

Urine 

102. 1 

88.4 

98.7 

72-4 

Feces 

284.5 

262.3 

398.9 

353-2 

Balance 

+ 97-4 

+ 164.3 

+ 117.4 

+ 220.4 

Magnesium Intake 

341 

34 1 + 46* =387 

429 

429 + 46* = 475 

Urine 

45-3 

40.2 

84.2 

74.2 

Feces 

142. 1 

108.3 

214.8 

208.2 

Balance 

+ 153-6 

+ 238.5 

+ 130.0 

+ 192.6 

Phosphorus Intake 

1132 

1132 + 340* = 1472 

1319 

1319 + 340* = 1659 

Urine 

342 

302 

612 

541 

Feces 

682 

592 

414 

402 

Balance 

+ 108 

+ 578 

+ 293 

+ 716 

“ The extra calcium, 

magnesium 

and phosphorus in 

periods III 

and IV came from 


the marmite supplementation. 
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TABLE IV 

Showing the role of vitamin Bi in metabolism. 
The figures are expressed in mg. per day. 


Experimental 

subject. 

G. 

C. N. 

G. 

C. D. 



D I 

D II + 6 mg 

D I 

D II + 6 mg. 


Diet. 


Aneurin. 


Aneurin. 

Mineral. 

Period. 

P II 

Av. of P III 

P II 

Av. of P III 




and P IV. 


and P IV 

Calcium 

Intake 

402 

402 

478 

478 


Urine 

23-4 

14.6 

66.8 

86.2 


Feces 

2 II .0 

217. 1 

283.9 

246.0 


Balance 

4- 167.6 

+ 170.3 

+ 127-3 

+ 145-8 

Magnesium 

Intake 

261 

261 

416 

416 


Urine 

28.8 

41.6 

53-3 

44-7 


Feces 

97-7 

79-4 

292.4 

289.3 


Balance 

+ 134-5 

+ 140.0 

+ 70.3 

+ 82.0 

Phosphorus 

Intake 

1428 

1428 

1053 

1058 


Urine 

542 

557 

438 

456 


Feces 

673 

650 

512 

482 


Balance 

+ 213 

+ 221 

+ 103 

+ 120 

Vitamin 

Bi content of basal diets: 




For subjects G.C.N. : — 

-1.9 mg. per day. For subjects G.C.D. 

; — 2.1 mg. per day. 




TABLE V 



Showing the role of Heat stable factor of B complex (Autoclaved marmite — Yeast 



product) in metabolism^ 




The figures are 

expressed in mg. 

per day. 


Experimental 






subject. 

K. 

R. G. 

G. 

C. N. 



D II 

D II 4 - 10 g. 

D I 

D I + 10 g. 


Diet. 


autoclaved 


autoclaved 




marmite. 


marmite. 

Mineral. 

Period. 

P II 

Av. of P III 

P 11 

Av. of P III 




and P IV. 


and P IV. 

Calcium 

Intake 

462 

462 4- 31* = 493 

518 

5 i 8 + 3 I* = 549 


Urine 

S6.3 

99-2 

38.4 

31.8 


Feces 

278.5 

• 216.4 

343-4 

314-2 


Balance 

+ 97.2 

+ 177-4 

+ 138.2 

+ 203.0 

Magnesium 

Intake 

321 

321 4 - 46* = 367 

351 

351 + 46* = 397 


Urine 

35-4 

37.4 

98.4 

78.2 


Feces 

170. 1 

120.8 

205.4 

183-9 


Balance 

+ II 5-5 

+ 2 o8.8 

+ 47-2 

+ 134-9 

Phosphorus 

Intake 

1148 

1148 4 - 340* = 1488 

1594 

1594 + 340* = 1934 


Urine 

438 

421 

498 

482 


Feces 

549 

499 

573 

549 


Balance 

•f 161 

+ 568 

+ 523 

+ 903 

* The 

extra calcium. 

magnesium and phosphorus in 

periods P III and P IV came 


from marmite supplementation. 





132 


K. P. BASU AND H. N. DE 


TABLE VI 

Shoimig the' role of riboflavin tn metabolism. 
The' figures are expressed in mg. per day. 



Experimental 

subject. 

K. R. 

C. 

G. C. 

N. 


’ . 

D I 

D I 4- 20 mg 

D II 

D II 4- 20 mg. 


Diet. 


Riboflavin. 


Riboflavin. 

Mineral. 

Period. 

P II 

Av. of P III 

P II 

Av. of P III 




and P IV. 


and P IV. 

Calcium 

Intake 

852 

852 

488 

488 ■ 


Urine 

175-0 

119.8 

48.8 

34-2 


Feces 

377-6 

354-6 

273.8 

241. 1 


Balance 

+ 299-4 

+ 377-6 

+ 165.4 

4-212.7 

Magnesium 

Intake 

421 

421 

360 

360 


Urine 

86.6 

76.6 

88.4 

61.9 


Feces 

242.6 

135-4 

182.1 

141-5 


Balance 

+ 91.8 

+ 209.0 

+ 89.5 

4-156.6 

Phosphorus 

Intake 

1674 

1674 

1148 

1148 ■ 


Urine 

502 

438 

469 

401 


Feces 

702 

641 

563 

516 


Balance 

+ 470 

+ 595 

4- 116 

+ 231 

The riboflavin content of the basal diets: 



For subject K.R.G.— 

-1.27 mg. per day. 




For subject G.C.N. — 

■1.58 mg. per day. 




• 


TABLE VII 





The role of vitamin C in metabolism. 



The figures are expressed in mg. 

per day. 



Experimental 






subject. 

H. P. 

D. 


G. 



D I 

D I -f 50 mg. 

D II 

D II 4 - 50 mg. 


Diet. 


Ascorbic acid. 


Ascorbic acid. 

Mineral. 

Period. 

P II 

Av. of P III 

P 11 

Av. of P III 




and P IV. 


and P IV. 

Calcium 

Intake 

836 

836 

581 

581 


Urine 

101,4 

84.0 

69-4 

86.8 


Feces 

520.1 

326.5 

401.4 

312.8 


Balance 

+ 214-5 

+ 425-5 

+ II0.2 

4- 181.4 

Magnesium 

Intake 

362 

362 

348 

348 


Urine 

46.9 

45-8 

64.8 

68.8 


Feces 

155-0 

127.0 

194.8 

143-2 


Balance 

-t 160. 1 

4- 189.2 

+88.4 

4- 136.0 

Phosphorus 

i Intake 

1865 

1865 

1494 

1494 


Urine 

690 

592 

502 

532 


Feces 

685 

632 

642 

552 


Balance 

+ 490 

+ 641 

+350 

-1-410 


Vitamin C content of the basal diet: 
For subject H.P.D. — 15 mg. per day. 
For subject K.R.G. — 17 mg. per day. 
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TABLE VIII 

Showing the role of vitamin D in the metabolism. 


The figures are expressed in mg. per day. 


Experimental 

subject. 

G. 

C. N. 

H. 

P. D. 


Diet. 

D I 

D I 4- 1000 units 
of Vitamin D. 

D 1 

D I 4- 1000 units 
of Vitamin D. 

Mineral. 

Period. 

P II 

Av. of P III 

P II 

Av. of P 111 




and P IV. 


and P IV. 

Calcium 

Intake 

513 

513 

617 

617 


Urine 

79-4 

84-4 

92.4 

84.2 


Feces 

389-3 

302.5 

458-4 

401.9 


Balance 

+ 44-3 

4 - 126.1 

4-66.2 

4 130.9 

Magnesium 

Intake 

408 

408 

521 

521 


Urine 

74.2 

59-3 

106.8 

84.2 


Feces 

201,1 

153-4 

309-4 

248.1 


Balance 

4-132.7 

4 - 195.0 

4 104.8 

4-188.7 

Phosphorus 

Intake 

1421 

1421 

1618 

1618 


Urine 

568 

556 

582 

561 


Feces 

632 

502 

782 

654 


Balance 

+ 221 

+ 363 

+ 254 

4-403 


RESULTS 

Vitamin A : Data in table II indicate that the administration of 1000 units of 
vitamin A per day with the basal diets (vitamin A and carotene contents being 7J0 
and 780 International units for subjects H.P.D. and G.C.N. respectively) increases 
the retention of calcium, phosphorus and magnesium to an appreciable extent. This 
observation supports the orginal work of Bogert and Trail [loc. cit.) and points 
out that the improvement in the retention of calcium, magnesium and phosphorus 
due to the administration of butter fat to the diet as observed by them was due 
to the presence of vitamin A in the butter fat. 

Vitamin B-complex ; Table III shows that vitamin B-complex ingested in the 
form of yeast concentrate (10 g. Marmite per day) enhances the utilisation of cal- 
cium, phosphorus and magnesium and so this vitamin B-complex seems to have 
a beneficial effect on the utilisation of the above minerals and the present results 
corroborate those of Macy et al {loc. cit.). Although marmite supplied moderate 
amounts of calcium, magnesium and phosphorus to the basal diet, its beneficial 
effect on the utilisation of above elements seems to be also quite distinct. 

It was necessary then to study which factor of the vitamin B-complex was 
responsible for improving the utilisation of the above elements. The study of the 
heat labile and heat stable factors of the Vitamin B-complex was therefore, un- 
dertaken. 
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Heat labile factor of vitamin B-Complex 

Vitamin Bi : Administration of 6 mg. of vitamin Bi — 'aneurin’ with the basal 
diets vitamin Bi content being 1.9 and 2.1 mg. for subjects G.C.N. and G.C.D. res- 
pectively) decreased the elimination of calcium, magnesium and phosphorus to a slight 
extent (Table IV), and it may tentatively be concluded that vitamin Bi has not got any 
appreciable effect on the metabolism of calcium, magnesium and phosphorous. 


Heat-stable factors of vitamin B-complex 

Administration of lOg. marmite, after destroying the heat labile factor of 
B-complex by autoclaving, shows a good effect on the economy of calcium, mag- 
nesium and phosphorus (Table V) and it seems that the beneficial effect of vitamin 
B-complex on the utilisation of essential elements as shown by the administration 
of unheated marmite (Table III) is not attributable to vitamin Bi but to the heat- 
stable factors of the complex. 

Riboflavin: Administration of 20 mg. of Riboflavin (Table VI) per day de- 
creases the elimination of calcium, magnesium and phosphorus and therefore, it seems 
that riboflavin has got some beneficial effect on the utilisation of calcium, phosphorus 
and magnesium. 

Since the other heat stable factors of B-complex were not available ready in 
hand it was not possible to carry out investigations with them. 

Vitamin C : It will be evident from Table VII that the administration of 50 mg. 
ascorbic acid per day with the basal diets (ascorbic acid content being 15 and 17 mg. 
for subjects H.P.D. and K.R.G. respectively) greatly increased the retention of cal- 
cium, magnesium and phosphorus. The data presented are quite in accordance 
with those of Chaney and Blunt (loc. cit.) who observed better retention of cal- 
cium, magnesium and phosphorus due to administration of orange juice which 
supplied sufficient quantity of vitamin C to the diet. 

Vitajnin D: ■ The results of the effect of vitamin D in the form of "vigantol” 
(Table VIII) show that the intake of 1000 units of vitamin D per day with the basal 
diets brought about better utilisation of calcium, phosphorus and magnesium by 
reducing their excretion. 


Discussion 

From the results it seems that vitamin A, B-complex, heat-stable factor of the 
B-complex, riboflavin, C and D help in the utilisation of calcium, phosphorus, 
magnesium. The beneficial effect of the vitamin B-complex in the utilisation of 
the above elements may either be attributed to the presence of riboflavin alone 
or also to some other heat-stable 'factor of B-complex. • 
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From the survey of the results shown in the tables it will be observed that 
under the influence of vitamin A, B-complex, heat stable factor of the B complex, 
roboflavin, C and D the excretion of calcium, phosphorus and magnesium through 
feces in most cases decreased to a significant extent and this shows that the above 
vitamins facilitate the absorption of calcium, magnesium and phosphorus through 
the intestinal wall to appreciable extent. 

The action of vitamin D in regulating the utilisation of calcium and phos- 
phorus has long been known although the mechanism of its action is not yet 
clear. The beneficial effect of this vitamin in the utilisation of magnesium seems 
to be due to the improvement in the utilisation of calcium and phosphorus under 
the influence of this vitamin. 

The increased assimilation of calcium and phosphorus under the influence of 
vitamin D may perhaps be due to increased acidity of the gut due to this vitamin 
and this increased acidity perhaps retards the precipitation of calcium phosphate 
and the removal of soluble ions like magnesium with the insoluble calcium phos- 
phate. The individual precipitation of magnesium phosphates is also retarded re- 
sulting in better absorption of these elements through the intestinal wall. 

The influence of other vitamins possessing beneficial effect on the utilisation 
of calcium, magnesium and phosphorus, may be concerned with some mechanism 
by which the precipitation of calcium and magnesium phosphates in the intestine is 
retarded with the net result of improved absorption. 


Summary 


I. Vitamins A, B complex, C, D, the heat-stable factors of the vitamin B- 
complex and riboflavin help in the utilisation of calcium, phosphorus and 
magnesium. 


2. The vitamin Bx does not seem to make any significant improvement in 
the utilisation of the elements studied. 


3. The beneficial effect of the vitamin B-complex on the utilisation of the 
above elements may be attributed to the presence either of riboflavin alone or 
also to some other heat stable factors of B-complex. 


4 . The improved utilisation of magnesium along with calcium and phosphorus 
nder the influence of vitamin D has been explained on the basis of increase 
fldity of the gut and retardation of the precipitation of «^alcium and magnesiu 
hosphate due to this vitamin with the net result of better absorption of the abo^e 
lements through the intestinal wall. 
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A certain amount of fat in the diet is necessary for the solubility of calcium 
and phosphorous in the intestine. It is considered that there exists a competition 
in the intestine between phosphates and carbonates on the one hand and fatty 
acids on the other for combination with calcium. When too much phosphates is 
present in relation to fatty acids, insoluble calcium phosphate is formed and the 
calcium involved is lost to the body. Fatty acids combine with calcium to form 
calcium soaps which are then dissolved by bile salts to form water soluble diffusible 
complexes. Excess of fat, however, leads to a greater loss of calcium soaps in 
the stools and thus may interfere wdth calcium absorption and retention (Cronheim 
and Mueller, (i) ; French and Elliott, (2). Givens (3) observed that when fatty 
acid utilization is low, as is the case with ethyl palmitate or palmitic acid, the 
loss of calcium soap is increased. 
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Bosworth, Bowditch and Giblin (4) concluded that the presence of soluble 
ionised calcium in the intestine determines the extent of soap formation, while loss 
in the feces depends not only upon the amount of calcium soaps formed but also 
upon their nature, calcium oleate being much more soluble in normal intestinal 
fluids than is calcium palmitate or calcium sterate. Boyd, Crum and Lyman (5) 
who studied the degree of absorption of various calcium soaps, found their utiliza- 
tion values in the following order: Calcium oleate 90%, Calcium palmitate 38%, 
and calcium sterate 25% when the calcium intake is 37 to 56 mg. per rat per day. 

It would thus appear that the beneficial influence of different dietary fats 
in regal d to their action on calcium utilization will depend much on their chemical 
character and a study of the behaviour of hydrogenated vegetable fats in this 
respect is important. The process of hydrogenation of fats and oils introduces 
many points of interest for biochemical investigation. 

Natural oils subjected to a process of hydrogenation are materially changed 
in the character of their fatty acids. Unsaturated acids are converted into solid 
saturated acids. Relative proportion of solid saturated acids of high molecular 
weight are increased. A new solid unsaturated acid called iso-oleic acid is formed. 

The processing of vegetable oils by hydrogenation into edible products has 
now developed into a big and organised industry. The recent increase in their 
consumption is truely enormous. Large quantities of hydrogenated fats are used 
for adulteration of pure ghee and butter by unscrupulous merchants. 

It has become now a common practice in many Indian households to use 
these vegetable products for cooking and other dietetic purposes in place of ghee 
or other vegetable oils. Being much cheaper in price, they are being increasingly 
in use even in those areas where milk fat could be had in abundance and at a 
reasonable price. 

The question of digestibility of hydrogenated fats has received much attention. 
Researches on the nutritive properties of these products as compared to butter 
fat have resulted in conflicting conclusions. Recent work on infants (Holt and 
his coworkers, (6) indicates that the absorption of fat is favoured by the presence 
of fatty acids with one or two unsaturated linkages and of fatty acids with rela- 
tively short chains. In the present investigation, comparison has been made of 
the relative efficiency of butter fat and hydrogenated vegetable fat on the utiliza- 
tion of calcium and phosphorous in young rats. 


Experimental Procedure 

The absorption and retention of calcium and phosphorous has been measured 
by estimating the intake and output of these elements in urine and feces. Ten 
young healthy male albino rats with an average initial body weight of 48 gm. 
were selected for the test. All the rats were fed on a fat-free basal ration in the 
beginning and the urine and feces were collected for 10 days. The rats were 
then divided into Lvo groups, the first group being given a diet containing 15% 
butter fat and the second, a similar diet containing 15% hydrogenated vegetable 
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fat. The collection of urine and feces was continued for another 10 days. Calcium 
was supplied in the diet as calcium lactate and was added at 3 '’o of the ration. 
The composition of tlie diets is shown in table I. 


TABLE I 


Shoicwg the composHton of the diets. 


Ingredients. 


1. Casein (either extracted) 

2. Rice starch 
i- Sucrose 

4- Yeast (ether extracted) 

5. Caldurn-free salt mixture 
(Osborne and Afendel Xo. 1S5. 

1913) 

6. Calcium lactate 

T- Fat-Butter fat or Hydrogenat- 
ed vegetable fat (Daida) 


Fat-free diet. 


Diet containinc 


Each rat tt-as given, in addition, 2 drops of Cod liver oil per day. 

The percentage of Calcium and Phosphorous in the diets is shown in table II. 

T.ABLE II 

Shotting the psrcerAaze of calciuKi and phosphorous in the diets. 




140 


NIRMAL C. DUTTA 


TABLE III 

Showing average food consumption, gain in weight and weight of dried feces. 


Diet. 

Number ojt 
rats used. 

Initial body 
\vt. g. 

Final body 
wt. g. 

Average daily 
food intake g. 

Average gain 
in wt per 

day. g. 

Average wt. of 
dried freces in 
10 days. g. 

Fat-free diet 

10 

54 

79.2 

8.02 

2.52 

1.922 

Butter fat diet 

5 

80.8 

104 

7-44 

2.30 

2. Ill 

Hydrogenated 







fat diet 

5 

81.6 

101.6 

7.06 

2.0 

2-&57 


It will be seen that net food intake paralleled the growth. The faecal matter 
excreted by rats receiving hydrogenated fat diet weighed more than that of rats 
receiving butter fat diet. The weight of dried faeces on fat free diet was in general 
much less than on diets containing fats. 

The results of calcium and phosphorous balance studies are shown in tables 
IV and V. 


TABLE IV 

Showing average Calcium balance during 10 days. 




•0 / 

0 



1 

43 

c 

T) 


Diet. 

ber ot 
used. 

4 ) 

ei ^ 

intake 

§ 

ja 

vO 

*C 

3 

a 

0 

C 

3 

E 

Ca. % utili 
ed. 



0 n 

< .£ 

0 G 

0 E 

^■2 
6 g 

rt ^ 

u G 

cj E 

Fat-free diet 

10 

80.2 

442.6 

97-5 

78.9 

9.2 

335-94 

75-8 

Butler fat diet 
Hydrogenated 

5 

74-4 

369.8 

64.97 

82.5 

5 - 9 b 

300.81 

80.97 

fat diet 

5 

70.6 

361.1 

86.9 

76.2 

6.01 

268.2 

74-4 




TABLE V 





Showing average balance of Phosphorous during 10 

days. 





cn 

X3 


0 


1 


c 


u 

rt 


s 




. 





3 

3 

■■2 

Diet. 

« tn 

B ^ 

B w 
— 


.£ 

. tb 

•sP • 

0 
X3 
. 1-1 


c 

rt 

4 / 

U 

s? 



li s 

a- B 

0, g 


^ E 

CL 

cJ-g 

Fat free diet 

10 

513-2 

61.83 

87.94 


86.62 

364.74 

71-54 

Butter fat diet 
Hydrogenated 

5 

.^gS.r 

480.51 

47-1 

53 -i 8 

90.6 

88.97 


97-7 

353-3 

70-99 

fat diet 

5 

100.93 

326.4 

67.86 


It will be seen from the results showm above that w'hen butter fat is added 
to a fat free ration, there is a favourable influence on calcium absorption. The 
addition of hydrogenated vegetable fat, on the other hand, shows no beneficial 
effect on calcium absorption. Hydrogenated vegetable fat induces a greater loss 
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of calcium, in feces as compared to butter fat. The addition of fat to a fat-free 
ration, in general tends to lower the urinary excretion of calcium. This effect 
was observed with the use of both butter fat and hydrogenated fat in the diet. 
The results of phosphorous balance shown in table V indicates that there is no 
significant difference in the absorption of phosphorous in the two groups. The 
urinary excretion of phosphorous is slightly increased on diets containing fat. 

Comparison of the effect of butter fat and hydrogenated vegetable fat on the 
absorption of calcium and phosphorous in diets deficient in vitamins A and D 
{without the use of Cod-liver oil). 

The experimental method, was in general, the same as that described in the 
first experiment. The composition of the diets was also the same, the only differ- 
ence being the omission of the supplements of A and D. Six young healthy male 
albino rats were used for the test. All the rats were initially fed on the fat-free 
diet supplemented with 60 mg. of unsaponifiable matter of cod-liver oil per rat 
per day. The purpose of administering unsaponifiable matter as a rich source 
of vitamin A and D along with the fat-free diet in place of customary 2 drops of 
cod-liver oil in this experiment was to ensure a sufficient supply of vitamin A in 
rats so that while comparing the effect of two different fats on calcium and phos- 
phorous absorption, the rats may not actually lose in weight. In order that the 
results may have a quantitative significance, it is necessary that the rats should 
be in growing condition, as otherwise, the differences in effect on calcium and 
phosphorous balance, may in reality be due to loss of weight resulting from low 
consumption of food. Under the condition of the experiment, the rats which 
received butter fat diet following the fat free diet were in a growing condition 
during the period when the balance of calcium and phosphorous were studied, 
even though no supplements of vitamin A and D were given, whereas in the other 
group of rats which were fed on hydrogenated fat diet following fat-free diet, 
one animal lost weight while the other two rats were in growing condition. The 
analysis of total fat, soap, neutral fat and free fatty acids in feces were carried 
out, the methods used being those of Fowweather's {9) modification of Saxon (10). 

Results 

Food consumption and gain in weight of the rats is shown in table VI. 


TABLE VI 

Average food consumption, gain in weight and weight of feces. 



^3 

0 

-H 


con- 

Loocl 

TO 

*rt 
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s 

>. 
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> w tb 

Diet. 
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0 

0 

c ^ . 
a.s rt ^ 
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0 
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0 

d 

*43 

J to 

cd 

.S 

It* w 

5 3 c; v-d 

rt 

ci C 

tiO 

rf a 

Cl" 0 

>'C 0 

Fat free diet 

6 

63.6 

93-6 

81.03 

3-0 

1.898 

Butter fat diet 

3 

97-3 

132.6 

89.54 

3-53 

2.411 

Hydrogenated 
fat diet 


104 

79 

132 

74 

82.9 

49-54 

2 .S 

— 5 

3.228 

1.8S5 



142 


NIRMAL C. DUTTA 


The differences in the weight of dried faeces on three different diets is signifi- 
cant. On hydrogenated fat diet, the weight of dried faeces was more than that 
on either fat-free or butter fat diets. This finding is similar to that observed in 
the first experiment where the diets were supplied with vitamin A and D in the 
form of cod-liver oil. 

The results of calcium and phosphorous metabolic studies are shown in table 
VII and VIII respectively. 


TABLE VII 

Showing average calcium balance during 10 days. 


■ 4 - 

d 

u 

Diet. 'g 

d 0 

iiS 

Ca. intake, 
mg. 

tn 

u 

p 

C 

0 6 

Ca. % ab- 
sorbed. 

Ca. in urine, 
rng. 

Ca. retained, 
mg. 

Ca. % utilis- 
ed. 

1 

Fat free diet 6 

Butter fat diet 3 

Hydrogenated 2 1 

fat diet i J 

447.29 

445-23 

448.29 
252.65 

52-33 

78.92 

148 

66.42 

88.13 

82.45 

66.46 

73-70 

8.73 

5-93 

7-94 

5 07 

386.02 

360.38 

292.35 

180.16 

86.2 

81.4 

64.67 

71-3 

TABLE VIII 

Showing the average balance of Phosphorous in 10 days. 

u 

Diet. 0 

. -d 

0 U 
i 

d 

a 
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0 
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tb 
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^-6 
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a 

'u 

.S 

fcb 

Oh E 

0 

.s 

rt 

•+.» 

p 

u 

bb 

01 B 

t 

w 

•5 

0^ 

Fat free diet 6 

514.54 

55-83 

89.14 

80.73 

377-97 

73-47 

Butter fat diet 3 

596.61 

57-21 

90.30 

92.23 

447.16 

74-25 


597-72 

78.92 

86.52 

112.09 

406.7 

67.91 

fat diet i f 

336.87 

38.82 

88.47 

62.22 

235-83 

69.90 


It will be seen that there is a considerable difference between butter fat and 
hvdrogenated vegetable fat in their effect on calcium absorption. At practically 
the same level of calcium intake, the consumption of hydrogenated fat results 
• ^ loss of calcium in feces which is practicaUy double that observed in the butter 
u A slight lowering of the urinary excretion of calcium as a result of adding 
rtT) a fat-free ration is also observed in the present experiment. Also there 
been somewhat better absorption of calcium on fat free ration than on butter 
fat^ diet This is undoubtedly the effect of the administration of unsaponifiable 
inatte'r of cod-liver oil along with the fat-free diet. Regarding the absorption and 
retention of phosphorous, there is a slight lowering on hydrogenated fat diet as 
compared to that obtained on butter fat diet. The difference, however is not so 
markedly significant as that noticed in the case of calcium. The addition of fat 
to a fat-free diet results in a slight increase in the urinary excretion of phosphorous. 
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Table IX shows the amount of soap, fatty acids and fat in the feces. 


TABLE rx 


Diet. 

Ho. of 

rats 

used. 

Fat ingested 
per rat in 

10 days, 
g- 

Total 
fat in 
feces, 
g- 

Total soap 
in feces 
as fatty 
acids, 
mg. 

Neutral 
fat in 

feces. 

mg. 

Free fatty 
acids, 
mg. 

Fat free diet 

3 

— 

0.325 

65-5 

168.5 

90.0 

Butter fat diet 

3 

13-35 

0.729 

288.0 

201.0 

240 

Hydrogenated 
fat diet 

3 

11.48 

0.923 

462.0 

185.0 

276 


It will be seen from the above table that the loss of total soap in feces is much 
greater in the hydrogenated vegetable fat group, than in the butter fat group. 
This shows that the fatty acids of hydrogenated fat combine with calcium to form 
more insoluble calcium soaps which cannot be utilised and are thus excreted in 
the feces. The increased loss of calcium in feces in this group can, therefore, 
be accounted for in part due to a greater loss of soaps in feces. The loss of free 
fatty acids and neutral fat in feces, on an average, was prctically the same when 
the intake of each fat was about 12 to 13 gms. per rat in 10 days, thus showing 
that both the fats are equally well digested in the rats intestine. 


Summary 


1. The relative effect of butter fat and hydrogenated vegetable fat at 15 per 
cent level in the basal diets, on the absorption and retention of calcium and 
phosphorous in young rats has been studied. 

2. The addition of butter fat to a fat-free ration had a beneficial influence 
on calcium assimilation and it is superior to hydrogented fat in this respect. 

3. In the absence of vitamin A and D in the diet, the consumption of hydro 
genated fat actuaUy interferes with calcium absorption. Under these conditions 
there is a loss of calcium in faeces much greater in amounts on hydrogenate a 
diet that on butter fat diet. Similarly the utilization of phosphorous is also 
slightly decreased. 

4. The loss of neutral fat and free fatty acids in feces is no less on hydro- 
genated fat than on butter fat but the loss of soaps in feces is much higher 
hydrogenated fat diet than on butter fat diet. 
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STUDIES ON THE NUTRITIVE VALUE OF SOYA MILK. 

PART I. NUTRITIVE VALUE OF THE PROTEIN. 

H. S. 11. DESIKACHAR, S. S. DE and V. SUBRAmiANYAN 
From the Department' of Biochcmislrp, Indian Institnte of Science, Bangalore. 

(Received for publication, April 6, 1916) 

Much work has been done on the nutritive value of soya-bean especially its 
protein. That the raw protein of the soya-bean cannot support normal growth 
has been shoum by Osborne and Jlendel (i) by feeding rats with raw soya-bean 
protein as the sole source of protein in an othenvise adequate diet. Results of a 
similar nature have been obtained bjr determining the biological value and the 
digestibility coefficient of the protein by the nitrogen metabolism method by several 
workers. The figures for the biological value obtained by various workers range 
from 48 to 60 showing that the protein is of poor quality compared to high class 
animal protein. Aykro}^ and Krishnan (2) showed that it had no beneficial 
supplementing effect to a poor rice diet. 
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The importance of soya-bean protein as an article of food has increased ever 
since it was sho\vn that the biological value of the pro'tein is very significantly 
increased by subjecting- it to suitable processing — particularly appropriate heat 
treatment. Since the work of Steenbock et al (3, 4) and Wilgus et al (5) on 
the effect of heat treatment on the protein nutritional value of soya-bean, several 
processed soya products are playing a large part in the dietaiy of the U. S. A. 
Several publications have appeared on the protein quality of such processed soya 
products (Mitchell et al 6 ; Cahill et al 7). It is shown that the protein 
quality of such products both b}/- themselves as well as py their supplementing effect 
on the more common varieties of food proteins is very high (8, g). 

In the present paper, the nutritive value of so}'a milk — a processed soya pro- 
duct — ^has been determined. Recentty, Cahill et al (7) have studied the biological 
value of soya milk protein as prepared by Messrs. Borden and Company, on nine 
human subjects and found a value of 95 compared with egg protein as the standard. 
The method of preparation of the milk is however not given. In this communi- 
cation, the nutritive value of the protein of soya-bean milk as prepared in a palat- 
able form (De and Subrahman}?an, 10) in this laboratory has been studied both 
by the nitrogen balance method and by the rat groudh method. The protein value 
of soya milk has been compared with that of cow’s milk as the standard. 

Nitrogen Balance Method. 

The method and technique used in this experiment were the same as those 
developed by Chick et al (ti). Three pairs of healthy adult rats 150 — 200 grams 
in weight (3 male and 3 female) were kept in separate metabolism cages and were 
allowed to get accustomed to the altered surroundings. They were given the 
ordinary laboratory stock diet during this period. After one week, they were 
fed ad libitum the following basal diet T- The experimental period lasted for 
seven days after which the rats were given rest for four days on the laboratory 
stock diet. Then the second experimental period of seven days began during 
which period diet 2 was given. After an intermittent period of four days’ rest 
the rats were given the experimental diets 3 and 4 each for one week as usual. 
The composition of the diets and their preparation are as follows : — 

Diet i: — ^Cocoanutoil 10%, Osborne and Mendel salt mixture 4%,* Vitaminised 
starch 5%, sugar 10% and starch 71%. 

Diet 2: — Cow’s milk was.concentrated in aluminium pans to rd. the original 
volume and incorporated with a mixture of starch, cane-sugar and salts such that 
the composition of the mixture became on a dry basis 10% protein, 4% salts, 
10% sugar, 71% starch and fat and 5% vitaminised starch (incorporated later). 
The milk was analysed for protein and total solids. The whole mass was evaporated 

*The vitaminised starch vas prepared so as to contain per 100 g., 8 mg. riboflavin, 5 mg. 
vitamin B, hj-drochloride, 6 mg. pyridoxine, 2 rag. calcium pantothenate, and 3 mg. choline 
chloride. The necessary amounts of the vitamins n-ere dissolved in slightly acidulated water, the 
starcli was made into a paste with this solution, and the whole thing was dried in a current 
of air the temperature not exceeding 60”. 
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in porcelain basins and heated on the water bath until the moisture content was 
reduced to about 5%. Then 5% of vitaminised starch on the dry Aveight of the 
diet was incorporated. , No further fat ivas added as that in the milk itself was 
sufficient for meeting the requirements. 

Diet 3 : — It was prepared in a similar manner to diet No. 2; but here for every 
100 cc. of soya milk used 2 g. of cocoanut oil were added. 

Diet — ^It was a mixture of starch, raw soj?a-bean flour (de-husked), cocoanut 
oil and salts having the composition; protein 10%, fat 10%, salt 4%, vitaminised 
starch 5% and the rest carbohydrates. 

During each experimental period the rats were given, in addition to the abor^e 
diets. 


1) ‘jO units of Autamin A (twice Aveekly). 

2) 20 units of calciferol (once weekly). 

In the latter half of each experimental period (the last four days) the urine 
and faeces were collected.. The urine samples were preserved Avith 20 cc. of 5% 
sulphuric acid containing 2% phenol and 1% thymol. The faeces were collected 
daily and preserved in the refrigerator. After collection of faeces the metabolism 
cages and the funnels were rinsed with water into the collecting flasks. The urine 
samples Avere filtered, made up to volume and aliquot portions taken for nitrogen 
estimation. The faecal matter Avas mixed AAdth 10 cc. of 5% oxalic acid, dried at 
100°, poAvdered Avell, again dried and weighed. Aliquot portions Avere taken for 
the estimation of nitrogen. All nitrogen estimations Avere made by the semi-micro 
Kjeldahl method. 

From the results obtained, the biological values and the digestibility 
coefficients for cow’s milk protein, soya milk protein and raAV soya-bean protein 
have been calculated according to the usual Chick’s formula (ii). The results are 
tabulated beloAv; — 


TABLE I 


NUrogen-jree diet (0.0081% N) 
Figures represent daily averages 


Rat No. 
and sex 

Food 
consumed 
in g. 

Nitrogen 
intake 
in mg. 

Urinary 
nitrogen 
in mg. 

Faecal 
nitrogen 
in mg. 

Biological 

value 

Digestibility 

coefficient 

IM. 

7.d 

— 

3L3 

7.9 





2M.. 

7.1 

— 

31.9 

6.6 

— 

— 

sisr. 

7.6 

— 

31.8 

7.6 

— 

— 

4F. 

8.3 

— 

43.9 

9.8 

— 

— 

5F. 

8,5 

— 

27.5 

6.8 

— 

— 

6F. 

8.3 

— 

36.6 

6.5 



— 
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TABLE II 


Cow’s milk frotein diet 
(12-14 nitrogen per gram of food) 


Rat No. 
and sex 

Food 
consumed 
in g. 

Nitrogen 
intake 
in mg. 

Urinary 
nitrogen 
in mg. 

Faecal 
nitrogen 
in mg. 

Biological 

value 

Digestibility 

coefficient 

IM. 

H'.G 

17G.C 

62.5 

40.2 

81.5 

86.1 

2M, 

14..2 

172.6 

60.6 

27.3 

81.9 

92.9 

3M. 

15.1 

183.0 

.57.5 

39.5 

85.7 

86.6 

IF. 

11.3 

136.8 

61.5 

29.6 

84..7 

.88.3 

5F. 

13.3 

161.9 

55.0 

32 . 4 . 

80.4: 

86.6 

6F. 

13.2 

160.7 

61.3 

28.5 

82.6 

88.7 


TABLE III 

Soya milk protein diet 
(15.58 mg. nitrogen per gram of food) 

Rat No. 

Food 

Nitrogen 

Urinary 

Faecal 

Biological 

Digestibility 

and sex 

consumed 

intake 

nitrogen 

nitrogen 

value 

coefficient 


in g. 

in mg. 

in mg. 

in mg. 



IM. 

8.2 

127.8 

54.7 

22.1 

82.2 

89.7 

2M. 

9.6 

148.3 

61.5 

23.3 

76.3 

90.3 

3M. 

10.5 

163.4 

68.8 

23.1 

77.2 

91.5 

4F. 

6.8 

106.4 

65.0 

16.5 

78.4 

92.0 

5F. 

9.9 

155.4 

53.8 

10.9 

81.6 

92.4 

6F. 

9.9 

1554 . 

65.5 

22.4 

79.3 

89.9 




TABLE IV 






Raw 

soya protein diet 



Rat No. 

Food 

Nitrogen 

Urinary 

Faecal 

Biological 

Digestibilitj' 

and sex 

consumed 

intake 

nitrogen 

nitrogen 

value 

coefficient 


in g. 

in mg. 

in mg. 

in mg. 



IM. 

13.5 

202.5 

109.4 

47.6 

55.6 

83.6 

2M. 

11.3 

168.3 

97.5 

39.9 

53.2 

82.6 

3M. 

11.9 

179.2 

105.1 

49.9 

53.6 

83.3 

4.F. 

9.3 

138.4 

91.3 

25.5 

58.1 

81.5 

5F. 

12.8 

191.1 

97.8 

42.7 

55.0 

83.1 

6F. 

12.6 

^188.5 

106.3 

42.2 

55.1 

82.9 


TABLE V 

I 

Comparison of nutritive values 



Cow’s milk 

Soya milk 

Raw soyabean 

Biological value 

82.8 

79.2 

55.1 

Digestibility coefficient 

89.7 

90.9 

82.8 

Nutritive index 

74,3 

72.0 

45.6 
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Rat Growth Method 

Young rats abo;it 50 g. in weight were placed in separate cages and kept 
for a week on the laboratory stock diet. They were then divided into two groups 
such that every rat in one group compares with another in the second group with 
respect to age, litter, weight etc. The lats were then allotted by the toss of coin 
to soya-bean milk or cow’s milk protein diets prepared as follows: 


Freshly prepared soya milk and cow’s milk from the dairy were analysed for 
their nitrogen and total solid contents. Known volume of each milk was evaporated 
in aluminium pans to frd the original volume and then transferred to wide porce- 
lain dishes. Cane sugar, starch and salt mixture were then added so that, on the 
dry basis the mixture contained 10% protein, 4% salts, 81% sugar, starch and 
fat. In the case of cow’s milk no additional fat was added. In case of soya m ilk 
for every 100 cc. of soya milk used a g. of cocoanut oil were added. The mix- 
tures thus obtained were heated on the water-bath so as to reduce the moistuie 
content to about 5%. 5% vitaminised starch prepared as stated above was incor- 
porated into the diet to supply the source of the water soluble vitamins. The diet 
thus obtained was stored in the cold room. Fresh food was prepared twice a week. 
After preparation of the diet, the protein content was checked by drying a repre- 
sentative portion and determining its nitrogen content. The figures for converting 
nitrogen to protein values were cow’s milk 6.25, soya milk 5.7, soya flour 5.7, 
and taken from Jones (12). 


The diet was served daily to the animals and the food consumption was deter- 
mined daily. The moisture content of the food w'as also determined every day. 
The rats were given as usual sufficient amounts of vitamin A and calciferol. The 
experiment lasted for four weeks. The method of preparation of milk has been 
described at the end of the paper. The results of the experiment are tabulated 
below. 


TABLE VI 
Cow's milk protein 


Eat No. Initial Total food Total protein Increase Increase in 


and sex weight consumed 

in g. in g. 


IM. 

51 

286 • 

2M. 

■19 

291 

3iM. 

48 

307 

IF. 

49 

302 

5F. 

52 

281 

GF. 

4T 

297 


consumed 
in g. 

in weight 
in g. 

weight per 
g. of protein 
consumed. 

26.08 

52 

1.99 

27.58 

53 

1.92 

27.19 

52 

1.91 

26.81 

50 

1.87 

26.03 

53 

2.0-1' 

26.08 

51 

1.96 
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Soya milk -protein 


Rat No. 
and SoK 

Initial 
weight 
in g. 

Total food 
consumed 
in g. 

Total protein 
consumed 
in g. 

Increase 
in weight 
in g. 

Increase in 
weight per 
g. of protein 
consumed. 

IM. 

SO 

206 

19.13 

35 

1.83 

2M. 

49 

225 

19.32 

32 

1.67 

3M. 

48 

217 

18.69 

36 

1.92 

4F. 

47 

243 

19.70 

34 

1.73 

5F. 

50 

256 

20.53 

40 

1.95 

6F. 

49 

232 

19.21 

38 

1.71 — 


After completion of the above set of experiments it was thought that in the 
technique of feeding the milk protein some discrepancies may have come in. The 
heat treatment involved in preparing the diet as described above may have affected 
the nutritive value of the proteins of the milk. So it was thoughl necessary 
to confirm the above results by feeding the milk apart from the basal diet to the 
rats. The following are the results of the experiments in which the milk was fed 
seaprately from the basal diet and the protein value determined by obseiA'ing the 
growth response of jmung rats per gram of protein consumed. 


Experimentad 

12 young rats from three lifters were chosen and as usual divided into two 
comparable groups of six in each. The rats in the first group were given cow’s 
milk as the sole source of protein while soya milk was administered to rats in 
the second group. The amount of milk given was such as to bring the level of 
protein intake to 8-9%. The basal nitrogen-free diet had the following com- 
position. 


Starch ... ... ... 7 i% 

Sugar ... ... ... 10% 

Cocoanut oil ... ... ^0% 

Salts ... ... ... 4 % 

Vitaminised starch ... ... 5 % 


Cow’s milk was got daily from the dairy and the so5'a milk was also prepared 
every day. The milks were analysed for their nitrogen content and for total solids. 
Estimations of nitrogen were made once a week on composite samples of milk. The 
amount of milk administered each day in a week depended on the total consump- 
tion of the animals in each week and the milk proteins being fed at a 10% level. 
As they grew older, their food consumption increased as also the amount of milk 
administered. Milk and the solid diet were given in separate cups. All th^ rats 
consumed the milk measured out to them quantitatively. The total int^e of 
nitrogen in each week was determined. The experiment lasted for six weeks. The 
total protein intake for the six weeks was calculated from their total nitrogen intake. 
This -gave the total milk proteins consumed bjr each rat. The rats were weighed 
every week. Their growth response is presented in Table VII. 
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TABLE VII 


rS 

P 

C3 

d 

0 

4-> (0 

Initial weight 
in g. 

Basal food 
consumed in 

cr 

0 * 

Milk solids 
consumed in 

cr 

£3* 

Total food 
intake in g. 

Milk protein 
intake in g. 

Total in- 
crease in 
weight in g. 

Increase in 
weight per 
g. of protein 
intake. 

GnotJP I 
IM. 

45 

208 

76 

284. 

21.95 

41 

1.87 

2M. 

46 

213 

)) 

289 

it 

46 

2.19 

3M. 

47 

220 

Sf 

296 

ti 

45 

2.05 

4F. 

45 

216 • 

if 

292 

it 

46 

2.09 

5F. 

49 

201 

if 

277 

it 

41 

1.87 

6F. 

42 

209 

if 

285 

if 

41 

1.87 

Group 11 

IM. 

45 

199 

51 - 

250 

22.59 

40 

1.77 

2M. 

44 

206 

} J 

257 

tt 

41 

1.82 

3M. 

43 

226 

if 

277 

it 

39 

1.75 

4F. 

46 

220 

fi 

271 

a 

41 

1.82 

5F. 

42 

216 

it 

267 

a 

42 

1.86 

6F. 

43 

210 

ft 

270 

a 

41 

1.82 


Discussion 

A comparison of the biological values of the proteins of cow’s milk, soya milk 
and raw soya-bean would show that the proteins of cow’s milk and soj'^a milk have 
about the same nutritive value. The results also show the marked increase in the 
nutritive quality of the protein of raw soya bean as the result of processing to yield 
the milk. As has been observed by other workers the percentage increase in biolo- 
gical value is much greater than the increase in the digestibility coefficient after 
processing. 

The results of table VI give the growth response in the case of the growing 
rats per gram of protein consumed. The average value in the case of cow’s milk 
and soya milk are 1.95 and 1.80 g. respectively. The nutritive value of the two 
milks are therefore quite comparable. The results obtained by the growth method 

are of the same relative order as that got by the nitrogen metabolism method. 

» 

j 

In the third set of experiments where the milk is fed separately from the basal 
diet, results of a similar type are obtained. The average increase in weight per 
gram of milk protein consumed is 1.99 in the case of cow’s milk and 1.80 in case 
of soya milk. There is not any large difference therefore between the results of 
the experiments in which the milk was fed mixed wdth the basal diet and those in 
which the milk was fed separately. 

The results of all the above e.xperiments suggest that soya milk is 90-95?4 as 
good as cow’s milk regarding its protein value. The usefulness of processing of 
soya bean in increasing its nutritive value is quite sigmficant. 
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Appendix » 

Preparation of soya-hean milk: Several methods have been described for the 
preparation of soya-bean milk. The method followed by us for the preparation of 
milk used in the present research may be described as follows : The soya-beans were 
soaked overnight in ivater. The husk was then pealed by gentle rubbing ; the beans 
were then extraefed with 0.04%, sodium bicarbonate at 70° for half an hour. The 
beans were then made into a fine paste, stirred up with about 6 volumes of water 
and boiled for 20-30 mins. The mixture is allowed to settle and then filtered 
through cloth. One pound of soya bean gave 5-6 pounds of milk. 
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STUDIES ON THE NUTRITIVE VALUE OF SOYA MILK PART II. 
COMPARISON OF THE VITAMIN COMPLEX CONTENT OF 
SOYA MILK AND COW'S' MILK. 
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In Part I of this communication the protein value of soya milk as compared 
to that of cow’s milk has been determined b}' the nitrogen balance and the growth 
methods on rats. In this section the total vitamin B complex content of soya milk 
has been compared with that of cow’s milk. The vitamin B complex content of 
soya milk as calculated from the amount of these vitamins present in the soya-bean 
used would not be absolute since some destruction would occur during the boiling 
of the milk. In this experiment the total B complex vitamins present in the milks 
'2 
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has been determined by growth experiments on rats. The method used is similar 
to that used by Kon (i) and bjr Westerman (2). The rats were fed a diet which is 
othenvise nutritionally adequate and complete except fof the B complex vitamins.' 
The soya milk or cow’s milk given along with the above diet served as the sole 
source of the B complex vitamins. The growth response of the rats gave an idea 
of the vitamin content of the milks. • 

The soya milk used in this experiment was prepared from soya beans which 
are allowed to germinate for 24 hours. This was done because germination is well 
known to increase or release the content of some of the B complex vitamins in a 
number of pulses. Recently French et al (3) have determined the effect of germi- 
nation on the B complex vitamin content of soya beans, pea and other beans. Their 
results are quite interesting in that there is a marked increase in the B complex 
vitamins during germination. Moreover, the protein of germinated soya beans 
is shown to have a higher biological value than the raw beans by Everson, Steen- 
bock et al (4). The milk obtained from the germinated product was found to 
have a better flavour and taste than the milk from the ungerminated sample. 

The cow’s milk used was got daily from the dairy. The milk was just boiled 
for 5 minutes, cooled and served to the animals. During this process exposure to 
the air was minimised as much as possible. Boiled inilk was used for comparison 
rather than raw unheated milk because milk js generally used in India only after 
boiling. 


Experimental 

18 rats, 40-50 g. in weight, were taken and were divided into three groups 
of six in each group so that the rats in the three groups compared with one another 
with respect to weight, litter, sex, etc. Group I served as the control over groups 
II and III which got as their sole source of the B complex vitamin cow’s milk and 
soya milk respectively. All the rats were given the following diet as well as 
adequate supplements of vitamin A and calciferol. 

The composition of the basal diet is as follow’s : 


Starch 

... 

... 57% 

Sugar ■ 

... 

... 10% 

Salts 

... 

... 4% 

Groundnut oil ... 

... 

... 5% 

Casein 


... 24% 


The casein used in the experiment was prepared from ordinary commercial 
casein which was washed several times with water adjusted to pH 4.6 (iso-electric 
point of casein) to wash away all the B complex vitamins in it. 
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All the rats were given the basal diet only for two weeks. For the first ten 
days all the rats increased in weight but in the latter half of the second week all the 
rats showed a definite decrease in weight showing that they had been run out of 
their body store of the B complex vitamins. The rats were then weighed and rats 
in groups II and III were given hencefortt in addition to the above diet 8 cc. pi 
cow’s milk and lo cc. of soya milk respective^. To the rats in_ group I the basal 
diet was continued. The rats were weighed weekly and fresh food was given daily. 
The experiment lasted for six weeks after the period of milk administration began 
The growth response of the rats has been tabulated below. 

The rats in the group I showed a continued decrease in weight and died on 
account of vitamin B complex deficiency within a period of 30-40 days from the 
beginning of the experiment. 


Rat No. 
and sex 

Initial 
weight 
in g. 

Weight when 
milk supple- 
mentation 
began in g. 

Final 
weight 
in g. 

Increjise 
in weight 
in g. 

Difference in 
weight between 
pairs. 

IM. 

43 

' 5r 

97 

40 1 


IM. 

51 

60 

104 

44 f 

- 4 

2M. 

43 

50 

104 

54 1 


2M. 

41 

51 

99 

48 I 

-!- 6 

3M. 

40 

45 

108 

63 1 


3M. 

40 

46 

96 

.50 } 

+13 

4F. 

40 

48 

85 ■ 

47 I 


4F. 

39 

45 

97 

52 1 

- 5 

5F. 

41 

46 

84 

38 I 


5F. 

41 

50 

94 

44 1 

- 6 

6F. 

50 

' 59 

97 

38 1 


6F. 

51 

59 

95 

86 j 

+ 2 





Total 

difference + 6 








From the above figures tabulated above it can be seen that there is no signi- 
ficant difference in the growth response of the rats due to administration of soya and 
cow’s milks as the source of the B complex vitamins. From the results it can be 
said that soya milk is about 80% as potent as cow'’s milk with regard to its vitamin 
B complex content. It is to be noted that the results of this experiment do not 
give an idea about the content of the individual vitamins in the milks. It gives an 
approximate idea of the general efficiency of the milks as sources of the vitamin B 
complex. 
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The relative nutritive value of typical Indian diets has been assessed by gro\\»th 
experiments on experimental animals. While investigating the nutritive value of 
a South Indian diet, Aj'kroyd and Krishnan (i) showed that a South Indian diet is 
very poor nutritionally. Thej? tried supplementing the poor South Indian diet 
\wth a variety of food products (2, 3). They used as supplements skimmed milk 
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powder, eggs, fish, arhar dal, black-gram, soya-bean • etc. They showed that 
soya-bean either cooked or raw produced no marked gain in weight over the control 
set of rats receiving no supplement. Soya bean did not, produce a beneficial effect 
perhaps owing to its poor quality protein in the form in 'which it was used in their 
experiments. iBut the importance of processing of soya bean in raising the nutri- 
tive value of the protein is however coming to be recognised increasingly. Recent 
publications about the protein nutritive value of processed soya products, show 
that suitable processing can increase the protein value to a degree quite comparable 
to that of any high class animal protein (4). The supplementing value of processed 
soya flour to the proteins of other commoner foods has also been determined. Jones 
and Divine showed that addition of even as small a quantity as 5% of soya flour 
to wheat flour, increased very much the growth promoting value of the mixed 
proteins of the flour (5). More recently Francis- et al (6) have reached a similar 
conclusion while investigating the effect of soya flour on the nutritive value of the 
protein of white bread. 

In Part I of this communication, vhile comparing the nutritive value of soya 
milk protein with that of cow’s milk, it has been shown that the protein of soya 
milk has quite a high biological value comparing well with that of cow’s milk. 
It was therefore considered important to study the supplementng value of soya 
milk to a poor South Indian diet. The results of such a study performed on rats 
are described in this section. 

The poor South Indian dief chosen in this experiment is essentially the same 
as that chosen by Aykroyd and Krishnan (i). It had the following composition; — 

Raw Rice ... ... ... 21.0 

Dal ... ... ' ... 0.7 

Blackgram ... ... ... 0.7 

Gingelly oil ... ... ... o.l 

Cocoanut oil ... ... ... 0.05 


Experimental 

A group of 18 rats was chosen from among 4 litters and they were divided 
into three groups of six in each so that thq rats in the three groups were comparable 
"■with respect to weight, litter and sex. Group I served as the control set receiving 
the basal diet described above. Groups II and III received along with the basal 
diet supplements of soya milk. Group II received 7 cc. of soya milk and rats 
in the third group received 10 c c. of soya milk daily as supplement. The soya 
milk was prepared daily and served fresh to the animals. The basal diet was fed 
ad libitum to all the rats in the three groups. In addition to the above all the rats 
received the following vegetables (3 g. of Brinjals and 3 g. Amaranth leaves to each 
rat twice weekly). 
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The growth response of the rats was followed. The rats were weighed 'weekly 
and their food consumption was determined. The experiment lasted for seven 
weeks. The average weekly increase in weight has been calculated. The results 
of the experiment are tabulated below: 


Rat No. 
and sex 

Initial Weight 

, in g- 

Food consumed 
in g. 

Increase in 
weight in 7 
weeks in g. 

Average weekly 
increase 
, in weight. 

Gnoup 1 





IM. 

U 

217 

17 


2M. 

4C 

212 

25 


3M. 

48 

227 

22 

2.8 g. 

IF. 

43 

217 

17 


5F. 

48 

204 

19 

* 

6F. 

42 

222 

17 


Group 11 





IM. 

40 

234 

30 


2M. 

54 

238 

32 


3M. 

48 

230 

29 

4.1 g. 

4F. 

41 

225 

28 


5F. 

89 

230 

32 


6F. 

43 

221 

21 


Group III 





IM, 

48 

251 

83 


2M. 

46 

262 

53 


8M. 

45 

256 

44 

- 5.4 g. 

4F. 

48 , 

247 

34 


5F. • 

43 

242 

34 


6F. 

40 

234 

31 



It will be clear from the results tabulated above that a small amount of soya- 
bean milk given as a supplement increases the average weekly increase in weight 
from 2.8 g. to 5.5 g. In the case of the experiments of Aykroyd and Krishnan 
the rate of gro-wth on a soya bean supplement is 4.6 g. week either with cooked 
or raw beans. The above results show that soya milk is superior to raw soya-bean 
as a supplement to the poor rice diet. This is perhaps due to the higher biological 
value and digestibility co-efficient of the protein of soya milk than, those of raw 
soya bean. 

It is to be noted that the rate of growth of -the rats even when supplemented 
with soya-bean milk is by no means optimal. This is due to the fact that the diet 
even after supplementing wth soya milk is not adequate and complete. It is 
however shown that soya-bean supplemented to a poor rice diet which is further 
supplemented with yeast extract and calcium lactate can promote the normal -growth 
of rats (7, 8). The experiments described in this section show however that soya 
mill.- supplemented to a poor rice diet can enhance the rate of growth of the rats 
by a significant amount. 
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Soya-bean has been known as an article of food in China and other Far-Eastern 
countries from a long time. It has also been used as an infant food (i). 

Recently, it has been shown, by experiments on rats, using the balance sheet 
method (2, 3) that the soya-bean can be best utilised in the form of mUk. There 
are three methods available by which the digestibility of milks can be determined 
and they are (^z) in vivo experiments ; (6) in vitro experiments and (c) curd tension 
measurements. It has been shown from in vivo experiments, that soya milk is as 
digestible as cow’s milk. Since the tn vivo digestibility is influenced by a number 
of unknown factors and since the experiments are time-consuming, it was considered 
desirable to determine the digestibility of the milk by the in vitro method — a method 
which aims at repeating the processes occurring in the gastro-intestinal tract, the 
main limitation being the lack of a wide variety of enzymes, coenzymes and 
accelerators which are brought into play by the latter. If the m vitro digestibility 
could bear any proportionality to the in vivo findings, it could then be used wth 
greater facility for routine testing. It could also be used for following up the 
efficacy of the different steps that are used in the processing of the bean. 

Experimental procedure : — ^The procedure for following the rate of digestibility 
was similar to that employed by Turner for milks of different kinds. Briefly 
the method, as followed by us, may be outlined as follows. 

For the experiments soya-milk was prepared according to the method described 
in an earlier paper (2). 400 cc. of the sample of milk were taken in a conical flask 

and maintained at 37°. In another flask 40 cc. of N/2 hydrochloride acid were 
placed and to it 2 cc. of cow’e sfomach mucosa extract were added (standard pepsin 
was not available and as a source of pepsin a 0.05N hydrochloric acid extract 
of fresh cow stomach mucosa was used). The milk was transferred into the acid 
solution as quickly as possible with thorough shaking. The pH of the resulting 
mixture was always below 3.6. 

The flask was maintained at 37° an'd the time of mixing the milk and the 
enzyme rvas 'noted. Five minutes later, 25 cc. of the digest were measured out 
and filtered as quickly as possible in order thaf the amount of soluble protein may 
not increase with the time of filtration. The same procedure was adopted at the 


3 
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end of half an hour from the time of mixing. The filtrates were kept aside for 
protein determination by the macro-Kjeldahl method. 

All this while the digestion was taking place in an acid medium, i.e., facilitating 
peptic digestion. In order to carry out the tryptic digestion on the same sample 
after peptic digestion, it was necessary to change the medium to the alkaline side. 
This was effected by using alkali and the /)H was adjusted to 7.5 by careful addition 
of alkali. It is well known that using both pepsin and tiypsin on the same sample, 
a larger percentage of protein can be extracted. 

On the addition of alkali, the colour of the digest change to yellow. The 
time of adding the alkali was noted and 5 ^minutes later, 6 cc. of pancreas extract 
were added (as a source of trypsin, a 20% glycerol extract of fresh beef pancreas 
was used). The solution was stirred well. 15 minutes later, 25 cc. of the digestion 
mixture were taken and about 2-3 cc. of N-HCl were added till the piL came down 
to 4.7 + 0.1. On adding the necessary volume of acid, the insoluble protein was 
precipitated and the acid stopped further digestion by the enz3mie. The solution 
was filtered and the protein estimated in the filtrate. Similarly filtra^ons were 
carried out at intervals for a period of 3 hours. 

The total protein in the milk as well as the soUd content were determined for 
each sample of milk analysed. Side by side with these experiments, control experi- 
ments using pasteurised cow’s milk were also carried out. 

Since the enzyme solutions used were not the same throughout, they were 
standardised daily by the formol titration method using a substrate of standard 
casein solution. The results are given in Table I. 

TABLE 1 


Digestibility of soya 

milk prepared by 
for 4J8 hours. 

germinating soya 

beans 

Time in 

% protein in 

% acid insoluble 

Total 

Solid 

minutes. 

solution. 

protein converted 

protein 

content. 



to acid soluble*. 

content. 


5 

0.17 

0.0 



20 

0.17 

0.1 



42 

0.54 

, 9.5 

4.0% 

8.5% 

120 

— 

— 



180 

0.61 

12.1 




Digestibility of raw soya powder. 


5 

0.55 

0.0 

.0.92% 


180 

- 0.74 

5.7 




Digestibility of pasteurised 

cow’s milk. 


5 

0.55 

0.0 



.00 

O.Gl 

2.3 



70 

1.00 

16.6 

3.25% 


115 

1.71 

42.7 



180 

. 2.14 

58.4. 
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Experiments on the inhibitor in soya-beans: — ^Recently it has been suggested 
that soya-bean contains a proteolytic inhibitor which is probably a polypeptide (5). 
It is considered that this inhibifor is identical with a factor in soya-beans which 
retards the growth in chicks. Preliminary work was carried out in this laboratory 
to verify the presence of the inhibitor. 

According to Ham and Sandstedt (5) this inhibitor is extractable from unheated 
soya meal at 4.2 at which reaction the bulk of the soya proteins is insoluble. 
Further they have shown that when 5 cc. of a dilute acid extract of the unheated 
meal are added to tjypsin on a casein substrate, the action of tr5^sin is retarded 
as shown by formol titration figures. 

In a similar manner, soya-bean was soaked overnight in a dilute acid solution 
of 4.2 and 5 cc. of the extract were added to the substrate of 20 cc. 5% casein 
solution containing 2 cc. of the trypsin extract. The was adjusted to 8.0 
and the solution was incubated at 40° after adding toluene as a preservative. 
The results show that compared to a standard substrate containing casein 
and the enzyme alone at 8.0, the value got in the presence of the acid extract 
was distinctly lower. This confirms the presence of the inhibitor postulated by 
Ham and Sandstedt (Zoc. cit). 


TABLE II. 

Experiments on the inhibitor. 

{a) Trypsin alone. 


20 cc. 5% casein +2 cc. trypsin extract (^H 8) 


Time in 

Vol. of N/50 alkali 

Amount of nitrogen in 

hours. 

(formol titration) 

solution in 3 hours. 

0 

0.9 cc. 


2 

3.4 cc. 

0.81 mg. 

3 

3.9 cc. 





(6) Trypsin + Inhibifor. 


20 cc. 5% casein + 2 

CC. tr3'psin + 5 cc. 

trypsin inhibitor solution (^H 8) 

Time in 

Vol. of N/50 alkali 

Amount of nitrogen in 

hours. 

(formol titration) 

solution in 3 hours. 

0 

1.15 cc. 


1 

, 2.1 cc 


2 

2.6 cc. 

0.431 mg. 

3 

2.1 rr. 



Method of calculation: — ^The difference between the total protein content of the 
milk and the amount of milk protein soluble at ^H 4.7 (5 minutes reading) was 
taken as the acid insoluble protein. The percentage of protein in 5 minutes was 
substracted from the other values at the end of i hour etc., till 3 hours and this 
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divided by the total acid insoluble protein gives the percentage of acid insoluble 
protein converted to the acid soluble condition. The rate of digestion of the 
acid insoluble protein was used as an index of miUc digestibility." 

Results and discussions : — study of the rate of digestibility of soya milk 
compared to cow’s milk shows that the former is poorly digested. This is contrary 
to the findings of the in vivo experiments (2). As already stated, the presence 
of a proteolytic inhibitor system in the soya-bean has been confirmed and whether 
or not it is solely responsible for the low digestibility of soya milk in vitro is a 
question yet to be solved. Further work on similar lines using activators etc., 
and methods using curd tension measurements are under way. 

Summary 

1. Although the m vivo digestibility of soya bean milk is of the same order 
(about 90%) as that of cow’s milk, its in vitro digestibility as measured by peptic 
followed by {139960 hydrolysis is only about one-fifth of that of the latter. 

2. The raw bean contains a weak trypsin inhibitor, but its action does not 
fully explain the low in vitro digestiibOity. 
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A method for the estimation of nicotinic acid in urine using the cyanogen bro- 
mide-aniline reagent (Konigs reagent) was first described by the author in 1939 (i). 
Other workers (2-5) have proposed certain modifications in this method. 
In a recent publication the author (6) adduced evidence to show that 
in general these modifications do not lead to more satisfactory results than the 
technique published by the author in 1939 ; however, they have helped to bring out 
the various sources of error that are likely to occur in the different modifications of 
the cyanogen bromide method and the precautions necessary for obtaining reliable 
results. The chief sources of error are (i) allowance of. a correct value for the 
'blank i.e., the colour originally present in the extract, (2) the side reactions of the 
aromatic amine — especially in strong acid and/or alcoholic medium and (3) the 
side reactions of the cyanogen bromide — especially when the solutions are heated at 
70°C with CNBr before the production of colour and (4) the partial conversion 
of trigonellin to nicotinic acid during hydrolysis with strong alkali in the presence 
of urea or ammonium salts. 

The author has already shown (Swaminathan loc cit) that the errors involved 
in allowing a value for the 'blank' and also due to the side reactions of the aromatic 
amine and cyanogen bromide are avoided or reduced to the minimum if the colour 
is developed in the cold in aqueous medium at 7 without preliminary heating watb 
cyanogen bromide at 70° and that hydrolysis of the urine with N. NaOH does not 
convert any trigonelline to nicotinic acid. 

More recently Wang and Kodicek (7) have made a detailed investigation of 
the cyanogen bromide method as applied to urine and have introduced certain 
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modifications for obtaining reliable results. But their method is rather long, in- 
volving too many manipulations and hence not suited for routine use in clinical 
laboratories. In the present paper a simplified procedure for the determination 
of nicotinic acid in' urine is described. The method has been used in this lalwratory 
during the last 3 years and has proved quite satisfactory. It is simpler and 
less time consuming than the technique described by Wang and Kodicek [loc. cH). 
By following this method, a single worker can determine the nicotinic acid content 
of 20 to 24 samples of urine in a day. 

Experimental 

Reagents required 

1. Standard Nicotinic acid (strong) i ml. = i mg. nicotinic acid dissolved in 
N / 10 HCl and kept in a refrigerator (a few drops of toluene is added as a preserva- 
tive). This standard keeps well for nearly a year. 

2. Standard Nicotinic acid {dilute) i ml. = 20 micrograms of nicotinic acid 
prepared fresh as required by diluting i ml. of solution (i) to 50 ml. with distilled 
water. 

3. Aqueous cyanogon bromide solution. This is prepared fresh by decolouris- 
ing an ice cold saturated solution of bromine water by the gradual addition of 20% 
sodium cyanide. 

4. Aqueous aniline 2% prepared fresh by dissolving 2 ml. of freshly distilled 
aniline in 80 ml. of distilled water and diluting to 100 ml. 

0' 

5. Sodium acetate 50% aqueous solution (adjusted to pH 7). 

6. Sodium hydroxide 4%. 

7. Zinc Chloride 20% sol. 

8. Sodium hydroxide (4% approx.) (The strength is so adjusted such that 
6 cc. of the solution when added to 2 cc. of 20% Zinc chloride solution will precipi- 
tate completely Zinc hydroxide and the supernatant fluid will be very faintly 
pink to phenolphthalein.) 

9. Barium acetate 20% sol. 


Method 

The method consists of the following steps: — 

1. Hydrolysis of nicotinic acid derivatives (i.e.) nicotinamide and nicotinuric 
acid, to nicotinic acid by heating at ioo°C with N.NaOH for 45 minutes. 

2. Decolourisat'ion of the urine with Zinc liydroxide at pH 9.5 — 10 and adjust- 
ment of the pH of the filtrate to 7. 

3. Colorimetric estimation of the nicotinic acid present in aliquots using 
cyanogen bromide-aniline reagent. 
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Procedure 

I. Hydrolysis of nicotinic acid derivatives to nicotinic acid. 

Fifty ml. of urine were measured into a 250 ml. beaker. The urine was made 
just alkaline to phenolphthalein (as internal indicator) by the addition of 40% NaOH. 
Five ml. of 40% NaOH were then added and the mixture heated on a steam bath 
for 45 minutes. (12 or 24 samples could be started at the same time). 


2. Decolourisation of the urine with zinc hydroxide. 

The urine after hydrolysis was cooled and neutralised by the addition of con- 
centrated HCl so that the extract has a of 7 to 7 - 4 - Two ml. of 20% zinc chlo- 
ride solution and 5 ml. of 20% barium acetate solution were then added. Zinc 
hydroxide was precipitated by the careful addition of 4% sodium hydroxide with 
phenolphthalein as internal indicator, so that the mixture was very faintly pink iii 
colour (about 6 ml. of sodium hydroxide maj^ be required and excess of alkali 
should be avoided). The mixture was then made up to volume (50 or 100 ml. 
depending on the nicotinic acid content) and filtered. The filtrate was adjusted to 

7 by the addition of a few drops of concentrated and dfiute HCl as required. 
Aliquots were used for colorimetric estimation of the nicotinic acid present. ^ e 
extracts had a light yellow colour, which was allowed for by a 'blank' estimation. 


3. Colorifuetric procedure 

Aliquots of the extract (usually 10 ml.) were measured into a senes of 25 ml. 
measuring flasks. Standard nicotinic acid (20 micrograms) was ™ ano er 

flask and the volume of the standard diluted to 10 ml. with distiUed water. ne 
inl. of 500/0 sodium acetate solution (adjusted to pH 7 - 4 ) then added to each 
flask. Two ml. of aqueous aniline solution were then added to all flasks 
followed by 7 ml, of cyanogen bromide solution. The contents of the fl^k e 
mixed and allowed to stand for one minute. The volume was then ma^ up to 
25 ml. by the addition of aqueous aniline, the solutions 
stand for one minute. The colours were compared immediate y (w 5 
in a Klett colorimeter. 

A blank estimation was carried out in the above mamer for aU 
extacls with the difference that distilled water f ded 

bromide and aniline solntions. The vahes so obtained for the blanks were allots 

ed for in the usual manner. 


Recovery of nicotinic acid added to urine 

Different Itnotvn quantities of nicotinic gooTih 

of different samples of nrine. The recovery of added mcobntc acd was good 

all the cases. The results are given in Table I. 
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TABLE I 


Recovery of nicotinic acid added to urme 


Experiment 
■ No. 

Urines with and without 
added nicotinic acid. 

Total Nicotinic 
acid found. 

Recovery 
(per cent) 

I. 

Urine (A) 50 ml. 

0.054. 

- 


Urine (A) 50 ml. +0.05 mg. 
nicotinic acid 

0.110 

110 

II. 

Urine (B) 50 ml. 

0.065 



Urine (B) 50 ml. +0.10 mg. 
nicotinic acid 

0.160 

95 

, • - III. 

Urine (C) 50 ml. 

0.085 



Urine (C) 50 ml. +0.10 mg. 
nicotinic acid 

0.180 

95 

( 

' -iv. 

Urine (D) 50 ml. 

0.075 



Urine (4') 50 ml. +0.10 mg. 
nicotinic acid 

0.165 

90 


Effect of different decolorising procedures on the value of the 
blank and the nicotinic acid values 

Fifty ml. samples of Brine were hydrolysed according to the procedure given in 
this paper. Decolorisation was effected by foUoiving three different procedures: 

(1) the old procedure of the author using charcoal ; (2) the present' method using 
zinc hydroxide and (3) according to the procedure of Wang and Kodicek (7) i.e. 
oxidation witli potassium permanganate after washing with isobutyl alcohol. The 

' final solutions were adjusted to 7 and made up to 80 ml. Ten ml. aliquots were 
used for the estimation of the nicotinic acid present. The results are shown in 
Table II. 

The data given in Table II show (i) charcoal or Zinc hydroxide does not 
absorb nicotinic acid from urine extracts under the conditions given in this paper, 

(2) the residual colour present in the extracts does not interfere when allowed for 
as a blank under the conditions described by the author, (3) Zinc hydroxide de- 
colourises urine extracts more efficiently than charcoal or oxidation with potassium 
permangnate after preliminary washing with isobutylalcohol as recommended by 
Wang and Kodicek {loc. cit). (4) Similar values are obtained for the nicotinic acid 
content of mine by following the three different decolourising procedures and (5) 

• when aqueous aniline is employed at pH 7 for the production of colour the "amine 
blank" has the feame value as the "dilution blank.” 
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TABLE II 

Effect of different decolorising procedures on the value of the 
blank and the nicotinic acid 


Decolorising 

procedure. 

Name of 
coloured 
solution 

Colorimetric 
readings 
(scale divisions) 
Standard Unknown 

nicotinic solution 

acid 

(20 /.g.) 

Strength 
of unknown 
in terms of 
nicotinic 
acid 

(microgeam) 

Nicotinic 
acid found 
in 10 ml. 
of solution 
(micrograin) 

Charcoal 

Test 

40 

2j.4. 

31.5 


according to 

Aniline blank 

20 

38.6 

1’0.4 

21.1 

Swnminathaii 

(1939) 

Dilution blank 

20 

39.2 

10.2 

21.3 

Zinc hydrox- 

Test 

40 

28.5 

28.1 

— 

ide (present 

Aniline blank 

15 

44.2 

6.8 

21.3 

paper) 

Dilution blank 

15 

44.6 

6.7 

21.4 

Washing with 
isobutanol 

Test 

40 

27.0 

29.6 

— 

and oxidation 
with KMNOI 

Aniline blank 

15 

36.4 

8.2 

21.4 

according to 

Wang and 

Kodicek 1943 

Dilution blank 

15 

87.0 

8.1 

21.5 


The urinary excretion of nicotinic acid in hospital patients 

The method was applied to the estimation of nicotinic acid in the urine of a 
group of hospital patients. This group included seven starving sick destitutes ad- 
mitted for treatment, one case of anaemia and another- of incipient pellagra. The 
total nicotinic acid excreted was estimated in 24 hour samples of urine before and 
after the administration of 100 mg. of nicotinic acid. Ten ml. of glacial acetic acid 
and 5 ml. of toluene were added as preservatives to the bottles used for the collection 
of urine. If the total amount of urine excreted each day was less than i litre, it was 
diluted to i litre and 50 ml. used for the assay. The results are given in the 
Table III. 

TABLE III 

• Urinary excretion of nicotinic acid in hospital patients before and after 
admmistration of nicotinic acid 


Initial Excretion after 


Number of 
subject 

Diagnosis 

excretion in 

24 hours (mg) 

a test dose of 

100 mg. in 24 
hours (mg.) 

1 

Starvation 

1.5 

2.1 

2 


1.5 

6.5 

3 


0.8 

1.2 

4 


■ 1.8 

8.9 

5 


1.6 

3.3 

6 


1.0 

2.7 

7 


1.2 

1.8 

8 

Anaamia 

1.8 

15.0 

3.6 

9 

Incipient 

pellagra 

2.2 


4 
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The results show that the response to a test dose of loo mg. was very low 
in the starving sick destitutes, when compared to that obtained before by the author 
for malnourished hospital patients (i). * 


Summary 

The cyanogen bromide-aniline method for the estimation of nicotinic acid in 
urine has been further improved. The modified method consists of three steps 
(i) hydrolysis of nicotinamide and nicotinuric acid to nicotinic acid with N. NaOH 
by heating on a steam bath for 45 minutes, (2) decolorisation of the hydrolysed 
urine with zinc hydroxide, (3) colorimetric estimation of nicotinic acid in aqueous 
medium at pH 7 using cyanogen bromide and aqueous aniline. The method is 
simpler and less time consuming than the techniques described by other workers. 
As many as 24 samples of urine can be assayed in a day by a single worker. 
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In our pre^uous communications (1-6) we have given the analysis of 60 
different varieties of Bengal fresh-water fish for water, body-fat, ash, protein, 
calcium, phosphorus, total and ionizable iron, copper, nicotinic acid, vitamin A 
and D. The above investigations were carried out in fresh raw muscle tissues of 
fish available in Calcutta market. 

Now, as in some parts of Bengal, sun-dried and salted fishes are also available 
in quantities and consumed by the people and owing to the seasonal gluts a very 
large quantity of fish is allowed to perish every year, the nutritional values of 
these preserved fishes deserve systematic investigations. 

The present communication gives the results concerning the moisture, body- 
fat, total mineral matter, protein, total iron, calcium and phosphorus content of 
different varieties of sun-dried fish, obtained from the local market. Further 
work on this line are in progress and the results will be published in subsequent 
communications. 


Experimental 

The methods adopted in these investigations are the same as desenbed in our 
previous papers {1-6). The mean values given in Tables I and II are based on e 
analysis of three to four samples of each variety of fish. The zoological names of 
a few of them have not been obtained. 


TABLE I 

Mean values of water, body-fat, pro’tem and ash per 100 g. 


of sun-dried fish. 


Bengali 

name. 

Zoological 

name. 

Water. 

(S.) 

Vetki 

Dates calcifer 

20.10 

Laukhola 

... 

33.20 

Bombay duck 

... 

17.40 

Eesha 

F,ngraxilis lelara 

10.30 

Parshey 

Mugil parsia 

11.82 

Bhangar 

Mugil fade 

17.92 

Chingri (Small) ... 

17.86 

Mnti 


19.15 

♦Hllsa 

Chipea ilisa 

55.9 


Body-fat. 

(g-) 

1.95 

5.88 
5.48 
4.92 

4.88 
2.26 
3.87 
2.41 

11.81 


Protein. 

(S-) ■ 

Ash. 

(?-) 

Ranges of 
body weight 
in. 

(g.) 

60.15 

15.90 

52-68 

49.76 

6.57 

28-61 

59.85 

12.11 

•V 

70.87 

11.94 

4-34 

64.95 

15.82 

1-8 

61.48 

16.47 

4-26 

62.36 

18.87 

0.5-2 

63.61 

11.76 

1-2 

14.09 

16.48 

... 


*The fish Hilsn has been preserved by wet curing with salt. 
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TABLE II ' 

Mea 7 i values of Calciim, Phosphorus and Iro 7 i m 7 iig. per lOO g. of fish. 


Bengali 

name. 

Zoological 

name. 

Calcium. 

"" Phosphorus. 

Iron. 

Vetki 

Lates Calcifer 

938.82 

346.98 

14..9T 

Laukhola 

... ... .. 

514.50 

292.60 

17.75 

Bombay duck 

... ... .. 

1389.70 

240.44 

19.14. 

Fesha 

Engraulis lelara 

1676.15 

477.57 

18.00 

Parsey 

Mugil Parsia 

2231.20 

396.40 

17.42 

Bhangar 

Mugil tade 

623.48 

207.20 

9.32 

Chingri 

... ... 

3538.50 

353.60 

27.90 

jMuti 


724.00 

833.80 

1.00 

Hilsa 

Clupea ilisa 

542.68 

437.20 

11.60 


Summary 

Among the fish lanalysed Hilsa {Clupea ilisa) has the highest fat content, 
II. 8i per cent, then come Bombay duck and Laukhola, 5.48 and 5.38 per cent 
respectively. The protein content, 70.87 per cent is the highest in Fesha 
(Engraulis lelara). The value of calcium, 3538.50 mg. per cent, is the highest in 
Chingri. The next best sources of calcium are Parsey and Fesha which contain 
2231.20 and 1676.15 mg. per cent of calcium respectively. The phosphorus con- 
tent, 833.80 per cent, is highest in Muti. As regards total iron, Chingri is the 
best source containing 27.98 mg. per cent. Greater percentage of ash content in 
some of the samples, as compared to our previous findings with fresh raw fish 
indicates associated impurities other than the nutritive mineral constituents present 
in the fish. These impurities are probably sand and silica, which are invariably 
present due to the non-hygienic method of drying the fish on sand-bed near the 
sea or river. Higher percentage of water than the usual in dehydrated fish 
(10-15%) decreases the keeping quality of fish. In some cases products are seem- 
ed to be unfit for human consumption. So some improvements on the existing 
method of manufacturing the sun-dried (sutki) fish seems to be urgently needed. 

Our best thanks are due to Prof. B. C. Guha and Dr. B. N. Ghosh for their 
advice and interest and to the Indian Research Fund Association for a research 
grant. 


REFERENCES 


1. S«iA AND Gdha (1939), Inch Jour. Med. Res., 26: 921. 

2. Saha and Gdha (1940), Ibid., 27: 873. 

3. S.AHA AND Ghosh (1914) Ann. Biochem. Exp. Med., 1: 159. 

4. Saha (1911), Ibid., 1: 225, 264. 

5. Saha (1941), Ann. Biochem. E.xp. Med., 4: 75, 79. 

6. Braganca, Ghosh and Saha (1942), Ibid., 2* 113. 


Annals of Blochemjslrg 
and cxDcrimental Medicine 

Vol. VI, No. 2, 1946 


VITAMIN A RESERVE IN HUMAN LIVER 

B. D. KOCHHAR 

Prom K. B. Medical College, Lahore. 

(Received for publication on May 3, 19-16) 

Large amounts of Vitamin A are stored in the liver. Vitamin A is rapidly 
t Posi ed in the liver when optimal or excessive amounts are given, while no vitamin 
IS stored during low vitamin intake (Lewis et al, i). The stored vitamin is used 
rapidly when the food intake is deficient until a certain apparently critical vitamin 
level in the liver is reached ; thereafter, the rate of depletion is sloiv (Davies & 
oore, 2). In many diseases, such as fever, an increased demand for vitamin A 
as been demonstrafed (Clausen, 3). Moor (4) and Myburgh (5) have shoivn that 
■'Utamin A confent of the liver of rats decreased rapidly and finally disappeared 
completely when the animals were kepf on a vitamin-free diet. There are no quan- 
titative data available which would indicate what the minimum amount stored in 
c human liver should be. 
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This paper deals with the vitamin A reserve in i6 human livers. It covers 
6 cases of sudden death (within a few hours) caused in accident and 8 pathological 
cases. One case was presumably of narcotic poisoning and one of still birth. 


]\feTHOD 

The blue colour developed by the unsaponifiable fraction (obtained by the 
alkali digestion method of Davies (6) with SbCl3 was compared in a Rosenhein 
tintometer. In most of the cases duplicate readings of the blue colour were taken 
after a little modification made in the extraction of the unsaponifiable fraction as 
described below. 

5 g. minced liver were digested with lo ml. of 5 per cent KOH in a 
small conical flask containing 5 ml. of alcohol till complete solution was obtained. 
It was rinsed to a separating funnel with 20 ml. of water and 5 ml. of alcohol 
and shaken carefully twice with 40 and 30 ml. of chloroform respectively. The 
combined chloroform extract was first washed with 5 ml. of water to remove the 
soap and then with 40 ml. of slightly acidulated water and finally with 40 ml. of 
distilled water. The chloroform extract was dried over A. R. anhydrous sodium 
sulphate for an hour, filtered and the solution distilled to a bulk less than 5 ml. 
The blue colour with SbCh was determined as usual. However it was found that 
chloroform extract's besides vitamin A other yellow pigments such as bile salts, 
bilivirdin, etc., which interfere in exact matching of the blue colour. The com- 
parative values by the two methods are not given here because they were identical 
in most of the cases. 


Results 

Table I gives the details of the findings. The results, which were originally 
determined in Carr-Price units, were also converted to other units, though such 
conversion is far from an accurate expression. The calculated results are given 
in Table II. 

1 Carr-Price =Tintometer blue units given by 0.2 ml. of 20% 

(or I Lovibond Unit) solution in chloroform in 2 ml. of saturated solu- 
tion of SbCh in chloroform. 

Moor’s Blue Unit =The intensity of blue colour in Tintometer units 

developed by i gm. of the substance in i ml. 
volume, 

= 55 Moor’s blue unit. 

= 20.8 I.U. 

=12.5 y B-Carotene 

1% 

=0.013 E 328 m [x 
I cm. 


I Lovibond Unit 
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TABLE I 


Vitamin A reserve in Liver. 


Serial 

No. 

V 

Cause of Death. 

Age 

Weight of 
fresh liver. 

Moor’s blue units. 

per g. of fresh Total 
liver. 

1. 

Brain fracture in lorry accident; 
sudden death 

35 

1306 g. 

687 

897,496 

2. 

— do — • — do — — do — 

9 

568 

440 

249,920 

3. 

— do — — do — — do — 

30 

1985 

380 

651,060 

4. 

Railway accident; sudden death 

22 

1462 

715 

1,045,340 

5. 

Accident, death within few hours 

30 

1402 

198 

277,596 

6. 

Death duo to injury in an accident 

31 

1246 

550 

479,710 

7. 

Jlalaria B.T. 

— 

— 

275 

— 

8. 

Tetany 

— 

992 

121 

120,032 

9 . 

Amoebic dysentery 

— 

1132 

Traces. 

Traces, 

10. 

Broncho-pneumonia 

— 

— 

82.5 

— 

11. 


— 

1963 

66 

129,558 

12. 

Lobar-pneumonia 

— 

1472 

12 

17,664 

■ 13. 


— 

1586 

Traces. 

Traces. 

14. 

Pleural adhesive 

— 

1485 

88 

68,340 

15. 

Still birth 

— 

170 

Traces. 

Traces. 

16. 

Suspected Narcotic poisoning 

25 

1183 

410 

498.520 
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Summary 

1. Vitamin A reserve in i6 human liver is described. 

2. The average vitamin A content of liver from accidental death was 485 blue 
units (Moore) or 160 I. U. per g. of fresh liver. 

» ✓ 

3. Diseases caused depletion of Vitamin A in liver. In some cases the deple- 
tion was to such an extent that vitamin A content could not be detected with SbCh. 

4. A liver from a still birth, which was examined, was devoid of any Vitamin 
A content. 
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Amongst the physical factors influencing the activity of an enzyme temperature 
Plays’an important role. Complete destruction of many of the enzymes is possib e 
only when heated at a temperature of 50°C., while many others are very e 
affected even at a relatively high temperature like 8o . lya c ^ 
reported that AspergiUus oryzae amylase solution retains some of its activity vhen 
heated for two hours even at a temperature of boiling water. I” ^ 

a characteristic temperature for each and every enzyme which when heated abo 
that limit is completely destroyed ; there is again for each ^ . 

temperature at which it loses one-half of its original activity. ^ 

termed by Arrhenius as the "Critical Inactivation Temperature of the enzyme. 

5 



82 


N. K. SARKAR, S. R. MAITRA AND P. K. ROY 


In this article an account has been given of the effect of variation in-tenjperature 
on the activity of crude cobra- venom and that of “Cardiotoxin”, the cardiac prin- 
ciple. isolated from crude venom by one of the authors (unpublished work), which 
causes the stoppage of the movements of heart. 


Experimental 

Equal volumes of i in 50 solutions of crude cobra venom and of Cardiotoxin, 
made in Ringer of 7.4 to 7.6 are heated separately for 30 minutes at different 
temperatures ranging from 6o°C to 9o°C These heated solutions are then quickly 
cooled and finally brought back to their original volumes. Isolated toad’s hearts 
are perfused with a fixed quantity of each of these solutions, and the minimum con- 
centration needed for systolic arrest of the heart in each case is noted. From this 
the p.c. of cardiac activity of each solution is calculated. 

TABLE I 

Effect of variation in Temperature on Cardiotoxin 


No. of 
Expts. 

Temp, at which 
the substance 
is heated for 

30 minutes 

Minimum cone, 
producing the 
systolic arrest 
of toad’s lieart. 

Quantity of 
the solution 
perfused 

Percentage of 
activity remain- 
ing after heat- 
ing. 

1. 

32 “C (Room temp) 

1 in 450 

5 cc. 

100 

' 2. 

60° C 

1 in 450 

5 

100 

3. 

70°C 

1 in 425 

0 

95 

4. 

75°C 

1 in 375 

0 

85 

5. 

80°C 

1 in 300 

5 

67 

6. 

82.5 °C 

I in 225 

5 

50 

7. 

85°C 

1 in 110 

5 

24. 

8. 

90°C 

Heart not arrested by 
any concentration. 

5 

Nil 


TABLE II 

Effect of variatioji in Temperature on crude 'cobra venom 


No. of 

Temp, at which 

Minimum cone. 

Quantity of 

Percentage of 

Expts. 

the substance 

producing the 

the solution 

activity remain- 


is heated for 

systolic arrest 

perfused 

ing after heat- 


30 minutes 

of toad’s heart. 


ing. 

1. 

G0°C 

1 in 200 

5 cc. 

100.0 

2. 

70°C 

1 in 200 

5 

, 100.0 

3. 

75°C 

1 in 175 

5 

87.5 

4. 

80° C 

1 in 145 

.) 

72.5 

5. 

82.5°C 

1 in 110 

5 

55.0 

6 . 

85°C 

1 in 50 

5 

25.0 

7. 

90°C 

Heart not arrested by 

5 

Nil 



any concentration. 







STUDIES ON THE TOXICITY OF COBRA- VENOM. PART 1 


Sa- 


lt is observed that both cobra venom and cardiotoxin retain their cardiac activity 
even when heated to such a high temperature as yo^C ; complete destruction of this 
activity occurs only at 90 °C. ; between these two extremes, cardiotoxin 
loses one-half of its original activity at 82.5°C., and the crude venom at 83®C. 
Crude cobra venom is. observed to be slightly more heat-stable than cardiotoxin 
when both are heated at the same temperature for the same period of time. This 
is probably due to the fact that some inert protein which acts as an inhibitor is 
adsorbed on cardiotoxin molecules in crude venom and thereb3/ protects the cardio- 
toxin from the effect of heat. 

The reversibility of the cardiac properties, previously destroyed by heat treat- 
ment, has also been investigated. For this purpose, the solutions already inacti- 
vated, partially or completely, by heating at different temperatures, are kept inside 
a refrigerator, maantained - at 40°C for 48 hours and then the cardiac activities of 
these solutions are again quantitatively measured by perfusing isolated toad’s hearts 
as before. The experimental results are given in Tables III and IV. 


TABLE III 

Cardiac activity of heated cardiotoxin before and after preservation in the cold. 


No. of Temp, at which 

Expts. the substance is 

heated for 80 
minutes. 


Percentage of cardiac activity remaining after 
heat-treatment and subsequent. 

(a) Heat-treatment (b) Preserving at 4 L 

for 48 hours. 


1. 

/ 

75"C 

2. 


80°C 

3. 


82.5°C 

4. 


8o'C 

0 . 


90°C 


85.0 

85.0 

67.0 

07.0 

50.0 

50.0 

24.0 

24.0 

Nil. 

Nil. 


TABLE IV 

Cardiac activity of heated cardiotoxin before and after preservation in the cold. 


No. of Temp, at which 

Expts. the substance is 

heated for 30 
minutes. 


Percentage of cardiac 
heat-treatment 
(a) Heat-treatment 


activity remaining after 
and subsequent. ^ 
(b) Preserving at 4 C 
for 48 hours. 


1. 

75°C 

87.3 

SO 

fro 

2. 

80’’C 

72.0 

55 

.■?. 

4. 

82.5'’C 

90*C 

55.0 

Nil 

Nil 
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Conclusion 

From the experimental results it appears that in the crude venom or in the cardio- 
toxin, the process of inactivation brought about by heat-treatment is irreversible ; 
for in either case, the lost cardiac activity cannot be restored to the inactivated 
solutions even by preserving in the cold for 48 hours or more. 
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against carbon monoxide and cyanide poisoning an g . x results 

several clinical observations where this dye had been use ^ wi useless in the 

in those cases. According to Crisler (4). in^rLses'^LoxaLa in animals, 

treatment of such cases, but toxic in nature , for, observed by Gatfoonkel 

On the contrary, marked rise of frog-heart 

TaJ ' rThfue against 

Macht and Davis (7) studied the Tee! rats, guinea- 

venom (Naja Tripudian) on vanous species of _ > affected 

pigs and pigeons, and pointed out that the T administered along 

much, and remained almost the same when my . methvlene blue in 

™a fhe vehom into an animal. The ih“ea»g importance rf 
recent days as an antidote demands further investiga on 

Experimental 

A O.oao/^ solution of methylene blue in nomal .^ith the sLe 

pared; from this stock solution, different dilutions o y containing venom, 

Einger. Excised toad's heart is then 
I in 200 and the dye in different amounts. The r 
recorded in Table I. 

For studing the effect in vivo, experiments are carotid blood- 

after being properly anaesthetised, is placed on a. fixed amount of 

pressure recorded. Different amount of methjdene u through the 

cobra venom (2 mgs. per kg. of body administration of the 

femoral vein and the changes of blood-pressure o 
mixture are recorded. The results are given in a e 
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TABLE I 


No. 

Substances with 
whicli perfused 

Concentration of 
the substances in 
perfusion fluid. 

Quantity 

perfused. 

Condition of heart 
after perfusion. 

1 . 

Methylene blue 

1 in .30,000 

.) cc. 

Slightly stimulated 

2. 

Methylene blue 

3 in 10,000 

.3 

Normal 

.3. 

Venom 

1 in 200 


Stopped in systole 

4. 

Mixed sol. containinj; 

Venom 1 in 200 

.) 

Stopped in systole 

/ 

venom and methylene 

& Methylene blue 




blue 

1 in 50,000 



,3. 

Mixed sol. containing 

Venom 1 in 200 




venom and methylene 

& Aletliylcne blue 


Stopped in systole 


blue 

1 in 10,000 




TABLE II 


No. 

Weight of 
at in Kilo. 

Amounts of senom & Methjlene 
blue administered. 

Effect on 

circulation 

1. 

2.2 

4.5 

mgs. of venom and 

Steep fall 

in 

blood- 



2.0 

mgs. of methylene blue 

pressure. 



2, 

2..3 

.3.0 

mgs. of venom and 

Steep fall 

in 

blood- 



,3.0 

mgs. of methylene blue 

pressure. 



3. 

2.4. 

4.85 

mgs. of venom and 

Steep fall 

in 

blood- 



4.0 

mgs. of methylene blue 

pressure. 



4. 

2.0 

4.0 

mgs. of venom and 

Steep fall 

in 

blood- 



fl.O 

mgs. of methylene blue 

pressure. 




Conclusion 

Neither the perfusion experiments on the isolated toad’s heart nor the experi- 
ments on the cat in vivo show any antagonistic or neutralising effect of methylene 
blue on the toxicity of cobra venom. Similar experiments wth cardiotoxin, an 
active principle isolated from crude venom by one of the authors (unpublished work) 
and responsible for the stoppage of the movements of heart, also reveal that methylene 
blue has no influence in altering its potency in any way. 
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EFFECT OF ULTRA-VIOLET RAYS ON THE STABILITY 
OF COBRA-VENOM AND CARDIOTOXIN 
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Complete destruction of enzymatic activities brought about by ultra-violet ra3^s 
as been recorded by various workers. For example, urease is completelj'' destroj'ed 
V en exposed to ultra-violet raj^s (Tauber, i). Similar phenomena have also been 
o served by Pincussen_ (2) with malt diastase and by Uehra (3) with pepsin. 

Massol (4) first observed that when cobra-venom is exposed to ultra-violet rays 
rom a quartz-mercury vapour lamp it gradually loses its activity. Macht and 
avis (5) also observed that a solution of cobra-venom (Naja Naja), exposed for 
15 minutes to ultra-violet rays from a water-cooled quartz lamp, suffered a diminu- 
I'e in its toxicity to the extent at 85% of its original value. 


Ill the course of our studies on the effect of ultra-violet rays on the cardiac 
activities of the crude venom and of the cardiatoxin, isolated from it by one of the 
authors (unpublished work) we made use of cold quartz lamp. This lamp emits 
radiation of limited range of wave lengths Avithout any appreciable production of 
a and was very useful for our work. The burner consisted of a quartz tubing 
containing neon gas and mercury vapour through which passed an electric current 
cr a very high voltage. Radiation from such a lamp mainly consisted of one 
spectral line of very high intensity at 254 m/» and this constituted 97% of the total 

radiation. 


Experimental 

^5 ^m. of a 5.0% solution of the venom (or of the cardiotoxin), in Ringer of 
^■4 fo 7.6, are exposed to ultra-violet rays, placed at a distance of 20 cm. from 
e source of light, the duration of exposure being varied in every case. The requi- 
si e exposure having been completed each time the exposed solution is tested for 
s cardiac activitj/ bj^^ the usual method of perfusion on isolated toad's heart. The 
results are as follows; — 
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TABLE I ' 


No. of 
Expts. 

Duration of ex- 
posure to ultra- 
violet rays (in 
minutes). 

Minimum cone, pro- 
ducing the systolic 
arrest of toad’s 
heart. 

Quantity of 
solution 
perfused. 

Percentage of 
activity re- 

maining after 
exposure. 

1 

0 


1 in 450 

5 cc. 

100 

2 

30 


1 in 420 

5 

90 

3 

SO 


1 in 350 

5 

78 

4 

70 


1 in 290 

5 

64 

5 

90 


1 in 200 

5 

45 

6 

120 


1 in 90 

5 

20 

7 

ISO 


Arrest of the heart 
could not be pro- 
duced at any cone. 

5 

Nil 




TABLE II 




Exposure of Cohra-venom to ultra-violet rays. 


No. of 
Expts. 

Duration of ex- 
posure to ultra- 
violet rays (in 
minutes). 

Minimum cone, pro- 
ducing the systolic 
arrest of toad’s 
heart. 

Quantity of 
solution 
perfused. 

Percentage of 
activity re- 

maining after 
exposure. 

1 

0 


1 in 200 

5 cc. 

100 

2 

30 


1 in 185 

5 

92 

3 

50 


1 in 160 

5 

80 

4 

80 


1 in 125 

5 

62.5 

5 

120 


i in 70 

5 

35 

6 

150 


1 in 20 

5 

10 

7 

200 


1 in 20 

Arrest of the heart 
could not be pro- 
duced at any cone. 

5 

Nil 


Conclusion 

It appears that the toxicity of the venom is greatly reduced when irradiated 
by ultra-violet rays and, the longer the time of exposure, the more pronounced 
is the decrease of cardiac activity of the irradiated material. Cardiotoxin, under 
similar circumstances, appears to lose its cardiac property more rapidly than 
the crude venom. 
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Many substances, such as charcoal, kaolin etc., have the power of adsorbing 
various toxins and antitoxins ; tetanus toxin, for example, is most effectively 
adsorbed by almost all common adsorbents ; the adsorption of diptheria toxin and 
antitoxin on the other hand is only possible with animal charcoal (Jacque and 
Zunz, i), while various alkaloids and organic bases have been found to be quite 
effectiyely adsorbed by charcoal (Loffler and Spiro, 2). It is, therefore, possible that 
among the common adsorbents such as charcoal, kaolin, etc., one or the other 
may be found efficient enough to adsorb the toxic constituents of cobra- venom, 
j ^ With the object in view, an attempt has been made to observ'C the effect of various 
known adsorbents on the toxioity of the crude venom and of cardiotoxin, isolated 
.from it, by one of the authors (unpublished work.) 


Crude venom is dissolved in Ringer of pH 7-4 7-6 brought to a con 

. centration of i in 200. Equal volumes of this solution (20 cc.) are taken in live 
separate dean and diy test tubes, and to each is added the adsorbent, to be tede , 
• in different quantities. The tubes are then mechanically shaken for about i hour 
and the contents quickly filtered 'separately. Each filtrate is tested for its car lac 
activity by the usual perfusion method on isolated toad s heart. 


Three series of observations were thus taken using animal charcoal, k ' 
kieselguhr and the respective adsorbents. The results are given m Tables 
in. Such observations were also similarly taken using 'Cardzotoxm m p a 
crude venom. 


6 
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TABLE I 


Effect of activated animal charcoal on the toxicity of crude venom. 


No. 

Vol. of the 
venoDi 6oln. 
taken. 

Concentration 
of the venom 
solution. 

Amount of acti- 
vated charcoal 
added. 

Condition of heart when 
perfusion with 5 cc. of 
the filtrate 

1 

20 cc. 

1 in 200 

0.2 g. 

Stops in systole 

2 

20 

1 in 200 

0.5 

Stops in systole 

8 

20 

1 in 200 

1.0 

Stops in systole 

4. 

20 

1 in 200 

1.5 

Complete systolic 





arrest not observed. 

5 

20 

1 in 200 

2.0 

Does not stop. 



TABLE II 



Effect of Kaolin on the toxicity of crude venom. 

No. 

Vol. of the 

Concentration 

Amount of 

Condition of heart when 


venom soln. 

of the venom 

kaolin 

perfusion with 5 cc. of 


taken. 

solution. 

added. 

the filtrate 

1 

20 cc. 

1 in 200 

0.5 g. 

Stops in systole 

2 

20 

1 in 200 

1.0 

Stops in systole 

3 

20 

I in 200 

1.5 

Stops in systole 

4 

20 

1 in 200 

2.0 

Stops in systole 

5 

20 

1 in 200 

3.0 

Stops in systole 



TABLE HI 



Effect of Kieselguhr on 

the toxicity of crude 

venom. 

No. 

Vol. of the 

Concentration 

Amount of 

Condition of heart wlren 


venom soln. 

of the venom 

Kieselguhr 

perfusion with 5 cc. of 


taken. 

solution. 

added. 

the filtrate 

1 

20 cc. 

1 in 200 

1.0 g. 

Stops in systole 

2 

20 

1 in 200 

1.5 

Stops in systole 

8 

20 

1 in 200 

2.0 

Stops in systole 

4 

20 

1 in 200 

2.5 

Stops in systole 

5 

20 

1 in 200 

8.0 

Stops in systole 


Conclusion 

It appears from the above results that amongst the common adsorbents, only 
activated animal charcoal can effectively adsorb the toxic constituents of cobra- 
venom. And the same appears to be true in respect of the isolated principle 
"Cardiotoxin” as well. 
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' i 

According to Michaelis, the iso-electric point is that pH at which the protein 
particles migrate neither to the anode nor to the cathode in an electric field. Of 
the different characteristics of a protein the iso-electric point is a very important 
one, controlling its nature and properties. Most proteins have iso-electric points 
within t)H 5 to 7. Those with iso-electric points below pH 5 can be described as 
acid proteins and those with iso-electric points above pH 7.0 are basic proteins. 

* • * * t 

The conception of iso-electric point with which the physical chemistry of 
proteins was first begun, was introduced bj' Hardy (i). He observed that the pro- 
tein particles behave as ions when an electric current is passed through the solution 
and migrate either to the anode or to the cathode according to the nature of the 
electrical charge they carry. 

Loeb (2, 3) put forward the view that the iso-electric beha^^our of a protein can 
be e.xplained from the purely chemical standpoint. The proteins are amphoteric 
in nature and in solution react with the acid or alkali as the case may be, to form 
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highly dissociable salts i.e., metal acid proteinates or metal proteinates. The iso- 
electric point is, therefore, defined as that hydrogen ion concentration at which the 
protein solution is unable to form either metal proteinates or metal acid proteinates. 

It is known that if a protein solution is shaken with colloidal particles, the 
particles absorb the protein molecules and possess the charge identical with those 
of the protein. Loeb determined the iso-electric point of gelatin and egg-albumin 
with the help of this procedure and found the result to be in good agreement wth 
that obtained in solution of these proteins. 

Abramson (4) also determined the iso-electric point of serum albumin absorbed 
on quartz particles by means of the micro-cataphoretic method and compared the 
result obtained with that of Tiselius (5) determined in a U-tube for the same protein 
and showed that the elecftric mobilities in both the cases are in excellent coinci- 
dence within the limits of experimental error. But he noticed that the iso-electric 
point is shifted slightly due to the absorption on the quartz particles. 

Recently Mayer (6) found that the electric mobility of horse serum pseudo- 
globin absorbed on collodion particles is the same as that of the pure protein 
solution. For the determination of the iso-electric point by this procedure, the 
charge of the particles is determined at different pH. The pH at which the charge 
is neither positive nor negative is taken to be the iso-electric point of the protein 
in the medium in question. 

The iso-electric point is also determined by the cataphoretic method in a 
U-tube. From the measurement of the activities associated with the protein at 
the two electrodes its iso-electric point is found out. 

The buffer index is also utilised for the determination of the iso-electric point. 
The essence of this method is to dissolve the protein in buffers of different pH and 
the point at which the shift of pH will be at a minimum will be considered as the 
iso-electric point of the protein concerned. 

It is also known that ions of buffer solutions used in the determination of iso- 
electric point may have some effect, since the charge on a colloidal particle is 
not only affected by the hydrogen ion concentration but also by the other ions 
present in the solution. 

To determine the iso-felectric point of chohne-esterase isolated from the venoms 
of Naja Tripudians (7) the method utilised is that of the measurement of the charge 
of the quartz-coated protein particles under the microscope in a micro-cataphoretic 
cell. The result thus obtained is verified by measuring the cataphoretic velocity 
of the enzyme particles in a U-tube in an electric field. 

Experimental 

Micro-cataphoretic method. 

A small quantity of very finely divided quartz in aqueous suspension as pres- 
cribed by Abramson',' is shaken with the choline esterate for a few minutes and 
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tiie resultant solution is diluted with buffer solution so that the final solution has 
an ionic strength of 0.02M. The buffer solutions used in this experiment are those 
prepared with phosphate and phthalate according to Sorensen. The cataphoretic 
velocity of the quartz-coated protein particles is measured at different pH in a 
flat-rectangular cell of the Abramson (8) type. The pH of the different solutions 
is verified by measurement with glass electrode and the specific conductance of 
each solution is measured by the Wheatstone bridge. The ^iso-electric point of 
choline-esterase, determined bj? this method, is at pH 5.85 as shown in 
Table I. The positive and negafive signs indicate the nature of the charge 
carried by the particles. 


TABLE I 



pH. 

p/cm. /volt/sec. 


4.20 

1.32x10-“ 

— 

4-.80 

0.60x30-“ 


5.00 

0.47x10-“ 


5.50 

0.21 X 10-“ 


5.85 

0.00x10-“ 


6.00 

-0.06 X 30-“ 


6.50 

-0.20X10-“ 


r.oo 

-0.45X30-“ 


8.00 

-0.76X10-“ 


Cataphoretic method. 

The apparatus used in this method is a U-tube with two stop-cocks fitted in 
its two limbs at the middle. A solution of choline esterase of known strength is 
mixed with i cc. of buffer solution and made up to a total volume of 
10 cc. so that the final concentration of this enzyme is 0.2%. The 
buffer solutions used are prepared from phosphate and phthalate as prescrib- 
ed by Sorensen. The stop-cock at the bottom of the side limb’ is open- 
ed and the buffered protein solution poured with care into the tube from the 
funnel at the top of the side limb so that the holes of the stop-cocks of the U-tube 
are also filled up. The buffers diluted in the proportion given above are poured to 
fill the upper parts of the U-tube. The solutions in the upper parts are connected 
. with copper sulphate solution in two glass beakers through agar bridge tubes. 
The agar bridges bent in the form of U are filled vith 3% agar agar in 0.85% 
sodium chloride. The positive end from the main of 2 ZO volt is connected to the 
beaker containing copper sulphate solution through a milliammeter and a copper 
electrode and the negative through a kej^ and a copper electrode. The current 
is then allowed to pass through the whole column of the liquid in the U-tube for a 
definite interr^al of time. 

As there is the possibility of a slight rise of temperature during the passage of 
current, the U-tube is immersed in a bath and the temperature maintained constantly 
adding ice-cold water as necessity demands. After the requisite period the solu- 
tions from both the limbs are separately withdrawn and then choline esterase 
actiwty determined. The results are tabulated below. 
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■ TABLE n 

Electrophoresis of choline-esterase solution. 

Phthalate buffer. 


2)H. 



Unit of choline esterase. 

Anode. 

Cathode. 

6.80 


43 

0 

6.00 


23 

" 7 .. 

• 5.95 


16' 

10 

5.90 


1 

1 

5.85 


10 

1.5 

5.80 


8 

21 

Phosphate 

buffer. 




pH 


Unit of choline esterase 



Anode 

Cathode 


6.30 

44' 

0 


6.00 

21 

7 


5.95 

15 

10 


5.90 

1 

1 

J 

5.85 

10 

16 


5.80 

7 

25 


Summary and Discussion ‘ ' 

The iso-electric point of pure choline-esterase as obtained by the two methods 
mentioned above differs from each other within the limit of experimental error. 
One method gives pH 5.55 while the other gives pH 5.9. This slight shift is quite 
in agreement with the findings of Abramson' while determining the iso-electric 
point of serum albumin. This small deviation may be due to the protein particle 
being absorbed on the surface of the quartz suspension resulting in the slight 
change in the electrical behaviour. The iso-electric point in the two buffers is also 
found to be in good agreement indicating thereby that the different ions present 
in two buffers have got no appreciable influence on the iso-electric point of choline- 
esterase under the conditions defined above. 

The author expresses his gratitude to Dr. B. N. Ghosh, d.sc. (Lon'd.) 
for his helpful suggestions during the progress of the work and also to the authorities 
of the Calcutta University for granting a research scholarship from the grant of 
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CONSTITUTION OF COUMARINS ISOLATED FROM FERULA ALLIACEA 

PRAFULLA KUMAR BOSE and JATISH CHARAN CHAUDHURI 
From the Chemistry Department, University College of Science 
and Technology, Calcutta 


(Received for publication, January 28, 1946) 


While investigating the oil from the fruits of Fenda cdliacea. Boiss. (N. 0 . 
Umbelliferae), Bose and Dutt (i) observed that a petroleum ether extract 
crushed fruits deposited a yellow solid product on standing. e e exa 1 

tion proved this to be a mixture, from which the authors^ were ^ , 

isolate isopimpinellin (I) and another substance, m.p. , aving e o , 
C.,H.cOo. As its properties did not agree with those of any known compound, r. 
was thought to be a new compound and accordingly name eru in . 


OMe 

./X/% 


OMe 


O OMe O 
(I) 


CO 



CHa— CHOH— C(OH)Me. 


The combined quantities of ferulin and isopimpinellm however accounted 
for a fraction of the total solid. The present investigation was undertaken with the 
object of (i) isolating other constituents of the mixture, if possible, and (11) elu- 
cidating the structure of ferulin by a more detailed study of its reactions an ^ e- 
gradation products. As the soUd deposit mentioned above forined the starbng 
material of the present work, endeavours were a^ first made to obtain a better yield 
than that recorded by Dutt (2), who, using petroleum ether as the solvent, 
obtained a yield of 1.2 per cent. 



2 PRAFULLA KUMAR BOSE AND JATISH CHARAN CHAUDHURI 

Modified Method of Extraction 

The solid matters could be easily extracted from the crushed fruits by ether, 
benzene, chloroform and alcohol. Of these, ether gave the best yield, namely 1.7 
per cent. The yellow solid melted at 78-80°. It is insoluble in petroleum ether, 
sparingly soluble in ether and water and readily soluble in choroform, benzene, 
ethyl acetate, warm alcohol, acetone and pyridine. 

Purified bj? repeated crystallisations from different solvents or their mixtures 
under varying experimental conditions, the crude product formed yellow opaque 
nodules or discs having sometimes a crystalline edge. The m.p. varied between 
84° and 87°. Its behaviour and appearance under the microscope led us to sus- 
pect that it was a mixture — a supposition which has subsequently been confirmed 
by the isolation of definite products. It was free from sulphur, halogen and nitro- 
gen. It was neutral to litmus and indifferent to ferricjon in alcohol. Although 
insoluble in aqueous sodium carbonate or 1% aqueous alkali, it readily dissolved 
in aqueous alcoholic alkali with a brown colour, from which no precipitate was 
obtained on dilution -with water. This behaviour is compatible with the lactonic 
character of the crude product which, for the sake of convenience, will henceforth 
be termed "mixed lactone”. 


Effect of Steam on the Ether Extract 

, It has been reported that the fruits of F. alUacea contain about 0.9% essential 
oil (Bose and Dutt, i). Essential oils have often a pronounced solvent action on 
many organic compounds, and it was believed that the removal of the essential 
oil from the extract might enhance the yield of "mixed lactone”. Accordingly 
an ether extract of crushed seeds of F. alliacecLWdiS distilled in steam. Eventually 
a pale yellow crystalline solid, m.p. 123-25° (dry) and jsopimpinellin (I) were 
isolated from the non-volatile residue {vide Experimental). 

The former had properties similar to those of "mixed lactone”. It was 
soluble in hot water, acetone, chloroform, pyridine, hot benzene and hot ethyl 
acetate, and almost insoluble in ether and petroleum ether. The yield was 3.2% 
(crude) or a little over 1.5% (pure) based on the weight of seeds. The analytical 
data indicated the composition C„Hi50c(0CH3) after drying in vacuo. 

Application of Spaeth’s Method 

Having been unable to isolate “mixed lactone” by the above method, Spath’s 
method for the isolation of coumarins was attempted. It is a matter of general 
experience that natural coumarins do not always separate out spontaneously from 
fatty or essential oils. Recently Spath (3) described a method for the isolation of 
natural coumarins when present in oils in solution. This method was applied to 
the clear oil left after separation of the "mixed lactone” from the ether extract, 
when an acid, m.p. 194-5° decomp, was finally obtained. This will be called 
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‘Ferulinic Acid’. Neither the “mixed lactone,” nor the compound, m.p. 123.25° 
could be obtained by this method. 

F.erulinic acid forms pale brown prisms, sparingly soluble in hot water, but 
easily in most organic solvents excluding ether and petroleum ether. It is acidic 
towards litmus and decomposes sodium bicarbonate solution. It is indifferent 
towards ferric chloride. It decomposes partially when distilled in high vacuum, but 
does not produce any neutral substance by loss of water. Boiling acetic anhydride 
and fused sodium acetate produced a gummy acid which could not be crystallised. 
Ferulinic acid analyses for Ci3Hi40i(0CH3).C0jH, and is isomeric with the com- 
pound, m.p. 123-25°. It is unsaturated and absorbs two atoms of hydrogen in 
presence of palladium catalyst forming a dihydro-compound, m.p. 167°. 

The results so far obtained may therefore be briefly summarised thus : 

(a) An ether extract of the fruits of F. alliacea deposits spontaneously on 
standing, a yellow, neutral, non-crystallisable solid product, m.p. 
78-80° (purified, m.p. 84-87°), which appears to be a mixture (“mixed 
lactone”). 

\ 

[h) Steam distillation of the ether extract gives jsopimpinellin (I) and a 
neutral, crystalline compound, C, 3 Ht 40 c( 0 CH 3 ), m.p. 123-5° (anhy- 
drous) different from “mixed lactone” mentioned under (fl) but isomeric 
with the acid described under (c). 

(c) The ether extract after separation of “mixed lactone”, gives a crystal- 
line acid, CirHisO-, m.p. i94-5°d. on treatment with alkali. 

Various questions now presented themselves: 

(f) Is the compound, m.p. 123-25°, a component of the “mixed lactone” 
or is it a transformation product of one of the components of the “mixed lactone”, 
under the influence of steam? 

(«) Is ferulinic acid derived from one of the components of the “mixed 
lactone” or is it derived from some other constituents of the oil, or is it present as 
such in the oil? 

(«j) What are the relations between the three products and how can the for- 
mat’on of the compound, m.p. 123-25°, and its isomer, ferulinic acid be explained? 

In order to throw some light on these problems, the following experiments were 
performed. 

(i) A sample of “mixed lactone” was boiled with water during four hours in 
presence of a little oxalic acid and from the resulting product the compound, m p. 
123-25°, was finally isolated. Moreover the fact that the “mixed lactone” is highly 
soluble in ethyl acetate and benzene whereas the compound, m.p. 123-25°, is only 
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sparingly so, definitely ruled out the existence of the latter in the “mixed lectone’’. 
The compound, m.p. 123-25°, must therefore have been derived from one of the 
components of the "mixed lactone” under the experimental conditions. The other 
product was /sopimpinellin. 

(2) Secondly, it was observed that the “mixed lactone”, on short treatment 
with alcoholic alkali, gave ferulinic acid and another neutral compound identified 
as jsopimpinellin. . The “mixed lactone” therefore must have contained iso- 
pimpinellin and at least one other component which furnished ferulinic acid. It 
was moreover observed that neither the compound, m.p. 123-25°, nor isopimpinellin, 
nor the products of hydrolysis (of the “mixed lactone”) could give rise to this acid 
by alkali treatment. It may therefore be argued that both the compound, m.p. 
123-25°, and ferulinic acid must have been derived from the identical component 
of the “mixed lactone”. 

(3) The next point which engaged the authors’ attention was the nature of the 
particular constituent of “mixed lactone” which is the precursor of ferulinic acid 
and its isomer. It has already been reported that ferulin is one of the components 
of the “mixed lactone”. The fact that the molecular formula of ferulin differs 
from these two compounds by H-O suggests that they are probably derived from 
ferulin by hydrolysis. To settle this question ferulin was isolated from the “mixed 
lactone” by a tedious process of Repeated fractional distillation in high vacuum 
followed by crystallisations from suitable solvents. Ferulin thus obtained in a 
yield of 0.5% gave the compound, m.p. 123-25°, when heated with acidulated 
water and was also quantitatively converted into ferulinic acid by the action of 
alkali. Ferulin is therefore the precursor of the neutral compound, m.p. 123-25°, 
and of ferulinic acid. The relationship between the three compounds is shown 
thus: 

“Mixed lactone” 

1 

I 

i 

Ferulin, C„H„0„ 

-i-H.O 
(acid) 

Compound, 
m.p. 123-25°, dry 
(Ferulin hydrate). 

The Constitution of Ferulin 

An account of the attempts made to elucidate the constitution of ferulin will 
now be presented. It produced a diacetyl derivative identical with that obtained 
from its hydrate. Deacetylation furnished ferulin hydrate, i.e., the compound, 
m.p 123-25°. The presence of CO-group in ferulin could not be established. 

Two coumarins having the same compositions have been recently described 
by Noguchi and Kawanami (4, 5) who isolated them from the roots of Angelica 


*■ tsoPimpinellin, C,3H,„0., 

-fH,0 

— — Ferulinic acid, C„H„0, 
(alkali) 
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glabra. Makino (N.O. XJmbellijerae) and named them byak-angelicin (II) and 
byak-angelicol (III) respectively. A comparison of the properties of byak-angeli- 
cin v/ith those of the compound, m.p. 123-25° indicated many points of similarity 
as wiU be evident from the following table: 

TABLE I. 



Byalc-angclicin 

Ferulin hydrate 

Mol. Formula 

C] rHifOr 

C„H„0, 

Color and cryst. form 

Pale yellow needles. 

Pale yellow flattened needles or 
elongated plates. 

M.p 

117-18° (hydrated) 

From 116° (variable) 


125-26° (anhydrous) 

118-22° (air-dried) 

123-25° (anhydrous) 



126-28° ( „ )* 

Solubility 

Insol : Ether and Pet. ether. 

Sol. with difficulty : benzene, 
ethyl acetate. 

Easily sol : allStbne, chloro- 
form, pyridine, alcohol, hot 
water. 

Same. 

Alkali 

Soluble, pptd. unchanged by 

Yellow solution ; pptd. un- 


acids. 

changed by acids. 

Removal of HjO of crys- 

By heating at 110° in vacuo 

By heating in vacuo at 100° for 

tallisalion 

over P2O5 for 7 hrs. 

8-10 hrs. over P-O5 : organic 
solvents also tenaciously re- 
tained. 

fa]<> in pyridine 

-1-21.62° at 25° , 

-1-25.26° at .30°. 

Diacetate 

Pale yellow plates, m.p. 118-19°. 

Colourless needles, m.p. 113°. 

Chronic acid 

(a) Acetone. 

(a) Same. 

oxidation products 

(b) Bergaptene quinone. 

(b) Same. 


•Specimen after distillation in high vacuum and subsequent crystallisations. 


A direct comparison of byak-angelicin and its acetate with the corresponding 
products prepared by us was rendered possible through the kindness of Professor 
T. Noguchi, to w’hom our best thanks are due. The results which are indicated 
in Table II definitely establish the identity of our compound (m.p. 123-25°; 
ferulin hydrate) with byak-angelicin (II). 

TABLE II. 


Byalc-angclicin Ferulin hydrate 

1. Cream coloured (anhydrous). Pale creamy yellow (anhydrous). 

2. M.p. after cryst. from water and drying M.p. 123-.')° (anhydrous) .'imilarly prepared, 
to const, weight in vacuo : shrinks at 

121° and molts at 122-t°. 

Mixed m.p. : shrinks at 121° and melts at 122-1°. 

3. Needles under microscope. Flattened needles. 

1. Diacctatc, pale yellow thick, crystals. Diacetate, colorless needles, m.p. 112-13°. 
m.p. ll.S-16°. 

Mixed m.p. 112-1G°. 
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The formation of byak-angelicin (II) from ferulin is obviously analogous to that 
of oxypeucedanin hydrate from oxypeucedanin (Spath and Klager, 6). Ferulin 
consequently should possess a dihydroisoprene oxide chain as in oxypeucedanin 
and should have the structure (III) which has been advanced by Noguchi and co- 
workers for byak-angelicol. On the basis of formula III, the formation of feru- 
linic acid (V) should be expected to proceed through the intermediate 
compound (IV). 


OMe 



CO 


0-CH,-CH-CMe, 

O 

(III) 


■ I 


CH = CH.CO,H 


(IV) 


0-CH,-CH-CI\>e, 

O 


CH = CH.CO.H 


^ o( IcH C(OH)Me, 
CH, 


(V) 


The physical and chemical properties of byak-angelicol and ferulin are re^ 
corded in Table III. It is evident that /the divergence is too TOde to suggest their 
identity. On (he other hand ferulin does not admit of any other basic structure, 
in view of what has been stated above. This anomaly can on!)? be settled by a 
direct comparison and detailed study of the two compounds and a further com- 
munication will be made when such an opportunity arises. 


TABLE III. 


Bijak angclicol 

1. Pale j'elloiv plates, m.p, 106°. 

2. [a]<>2.3°= -)-3'1..77° (pyridine). 

3. Sparingly soluble in acetone, benzene, 
and hot etliyl acetate. 

4. Byak-angelicol-fKOH >■ isobyakan- 

gelicol acid, white rhombic plates, 
m.p. 220°, iDithoiit decomposition. 

.■i. Acetyl derivative of the above acid, 
m.p. 200°. 

fi. Dihydro-derivative of the acid, needles, 
m.p. 152°. 


Ferulin 


Colorless transparent plates, m.p. 87°. 

ra]<i23°= -t-2T.31° (acetone). 

Readily soluble in cold in the three solvents. 

Ferulin-)- KOH » Ferulinic acid, pale 

brown prisms, m.p. 194-5° with decomposi- 
tion. 

No crystalline product. 

Dihydroferulinic acid, colorless flattened 
needles, m.p. 167°. 


Incidentally it may be noted that Spath's method (3) of isolation of couma- 
rins will not be applicable to compounds having a dihydroisoprene oxide residue 
attached to position 8, either directly or through an oxygen atom. 
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EbcPERIMENTAL 

Isolation of “mixed lactone’’ . — ^The fruits of F. alliacea were crushed to powder 
and extracted with ether in a. Soxhlet apparatus during 8o hours. Ether was then 
removed from the extract on the water-bath and finally under diminished pressure. 
The dark greenish residue was allowed to stand at room temperature for about a 
week and the semi-crystalline yellow product, which had separated out, was filtered 
off under suction and washed with petroleum ether and a little ether. Yield 1.7 
per cent. Recrystallised from methyl alcohol it formed opaque nodules or discs, 
m.p. 84° to 87°. 

Isolation of Byak-angelicin and Essential Oil. — ^Another specimen of the above 
ether extract, after removal of ether, was distilled in steam for 7 hours. The dis- 
tillate was extracted with ether, dried over sodium sulphate and ether removed under 
reduced pressure at 40-50°. A pale yellow pleasant-smelling oil (0.2%) was left. 
The yield of the oil varies considerably with the quality of the raw material. It 
was found to possess the following constants : 

- Density at 33° ... ... ... 0.8695 

Refractive index at 31° ... ... ... 1.4640 

The oil is optically inactive and is non-phenolic in nature. 

The viscous oily product, not volatile in steam, was allowed to stand at room 
temperature for a few days. Greenish yellow crystals, which had separated out, 
were collected and washed with petroleum ether and ether to remove the greater 
portion of the adhering oil. The crude product amounted to 3.2%. It was suc- 
cessively crystallised from 95% alcohol, ethyl acetate, 25% alcohol and finally 
from hot water. The pale yellow, long, flattened needles melted at 118-22° after 
drying in air. Further crystallisations did not materially alter the m.p. 

I. A specimen (crystallised from benzene) weighing 350.4 mg. lost 25.3 mg. 
on drying at 95° for 5 hours in vacuo over P^Oi : Hence volatile matters 
lost=7.22%. M.p. after drying, 123-25°. 

II. A specimen, m.p. 119-22° (vacuum distilled and crystallised from ethyl 
^ acetate) weighing 438.8 mg. lost 40.3 mg. on drying to constant weight at 

100° for 8 hrs. in vacuo over P-Os: Hence volatile matters lost=9.i9%. 
M.p. after drying, 126-28°. 

The colour of the samples became lighter after drying, but the crystals did not 
crumble to powder, which happens to be usually the case when solvents of crystalli- 
sation are present. The presence of solvents of crystaUisation appears doubtful, 
but there is no doubt that they are tenaciously retained. 

Found (div' sample); C, 61.36; H, 5.3; OMe, 8.8. Calc, for CirHuO,; C, 
61.08 ; H, 5.4 : OMe, 9.28 per cent. 

A specimen of fairly pure byak-angelicin (from F. alliacea) was distilled in 
high vacuum {2x0-220° fo-oS mm.), and crj'stall'sed from alcohol (m.p. 117-25°) and 
then from benzene (m.p. 115-24°). Dried to constant weight in vacuo over P:Oi 
at 100°, it melted at 126-8°. 

[Found (dry sample): C, 61.25: H, 5.6. Calc, for CtTHuOr: C, 61.0S: H, 5.4 
per cent.] 
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0.2771 g. dry byak,-angeHcin (from F. alUacea) dissolved in 25 cc, pyridine 
showed a rotation of +0.28° in i dcm. tube at 30°. Hence [a]''= +25.26°. 

Isolation of isophnpinellin — A specimen of crude byak-angelicin (from F. 
alliacea), which had been only twice ciystallised from dilute methyl alcohol, was 
distilled in vacuum. Two fractions were collected, (i) B.p. below i8o°/o.o6 mm., 
and (ii) b.p. 210-220° /0.06 mm. Fraction (i) was crystallised from alcohol, re- 
distilled in high ivacuum and then repeatedly crystallised from alcohol till the m.p. 
became constant at 148-50°. Mixed rvith an authentic specimen of fsopimpinellin 
there was no depression in m.p. 

Fraction {ii) 'on repeated crystallisations from hot water gave b3?ak-angelicin, 
m.p. 119-22° (air dried;. 

Diacetylhyak-angelicin. — Byak-angelicin (0.507 g. from F. alliacea), acetic 
anhydride (10 cc.) and fused sodium acetate (4 g.) were gently boiled for 4 hours 
and then poured into cold water. The precipitate was collected, and crystallised 
from dilute methyl alcohol (charcoal), when colorless needles, m.p. 112-13°, were 
obtained. (Found in dry specimen: OMe, 7.44. Calc, for CjiHssO,,: OMe, 7.2 
per cent). 

Deacetylation of the Above Compound . — ^The diacetate (i part) dissolved in 
alcohol was heated with sodium hydroxide (i part) for 15 minutes on the water- 
bath. The deep yellow solution was cooled and acidified with hydrochloric acid. 
The pale yellow needles melted at 122-23° (ethyl acetate). No depression in m.p. 
was noticed when mixed with byak-angelicin having almost the same m.p. 

Oxidation of Byak-angelicin {from F. alliacea) with Chromic Acid'. Isolation of 
(a) Bergaptene quinone and identification of (6) Acetone. 

{a) Byak-angelicin (ig.), dissolved in glacial acetic acid (lo cc.) was treated with 
a mixture of chromic acid (0.5 g.), water (5 cc.) and glacial acetic acid (10 cc.). The 
mixture was allowed to stand at room temperature for two days. The brown-red 
crystals, which had separated out, were collected, washed with water and dried. 
The product was sublimed in high vacuum (175-90° / 0.05 mm.) as orange-red ^ 
crystals, m.p. 250-52° decomp. (Found: C, 61.3; H, 2.18. Calc, for CuHiOs: 

C, 61. II ; H, 1.85 per cent.). Bergaptene quinone melts at 250°decomp. (7). 

(6) The acetic acid filtrate, left after the separation of bergaptene quinone, 
was distilled and about 15 cc. of the distillate were collected. This was made 
alkaline and redistilled. The distillate (10 cc.) was treated \^th 2 drops of benzal- 
dehyde (pure) and 2 drops of 10% sodium hydroxide. Sufficient alcohol was then 
added to obtain a clear solution, which was allowed .to stand for about a week, in a 
closed vessel. Pale yeUow flakes gradually separated out. The crystals were 
collected and reciystallised from dilute alcohol several times when pale yellow 
plates, m.p. 109-10°, were obtained. It did not depress the m.p. (108-10°) of 
dibenzalacetone, other physical properties of which it also shared. 

Isolation of Fendinic Adfd — ^The oil (from 825 g. fruits) left after the separa- 
tion of the “mixed lactone” was diluted with 250 cc. methyl- alcohol and treated 
gradually with 25 g. potassium hydroxide dissolved in 25 cc. water at 15-20°. 
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^er aUoMing the mixture to stand for one hour at 20°, it was poured into i litre 
W extracted with ether. The aqueous portion was acidified ^vith 

yjochlonc acid (Congo-red) when a dark brown tarry product separated out. 
T^s was coUected next day and spread over a porous plate to remove adhering 

'vith 10 cc. 

«o^ methyl alcohol, and finally crystallised from aqueous alcohol (yield 0.5% of 
e frmts taken). The crude acid was dissolved in warm potassium bicarbonate 
solution filtered and the clear filtrate acidified. The crystalline precipitate was 
recrystalhsed from hot water containing a little alcohol as pale brown prisms 
m-P. 194-5° decomp. (Found: C, 60.87 ; H, 5.66 ; OMe 9.38. C„H„ 0 , requires 
C, 61.08; H, 5.4; OMe, 9.28 per cent.). 

Acfi 07 i 0f Oxalic Acid on Fendmic 4 ati.-The acid (0.2 g.) was boiled with a 
u e so u on of oxalic acid (0.35 g. in 25 cc. water) for 3 hours. The crystals 
obtained on coohng the solution were repeatedly crystallised^om hot wate77vheli 
pMe brown pnsmatic cystals, m.p. 193-4° decomp, were obtained. No denm" 
sion m m.p. m admixture with the parent substance was observed. ^ 

Catalytic Reduction of Ferulinic Acid.— Berulmic acid (0.2517 e ) was re- 

(o.a g. of 8%), ,vhich had been prevLsly Jl 
rated with hydrogen, m alcohoUc medium. 16.4 cc. hydrogen at 28“ and 760 mm. 
A^ere absorbed in course of 45 minutes, when further absorption practicaUy stopped. 
Amount calculated for one double bond is 14 cc. The solution was freed from the 
ca a ys , concentated and diluted with water when dihydroferulinic acid separated 
ou . Recrystallised from dilute alcohol, it formed colourless needles or rods, 

m-P-i67 • (Found: C, 60.7; H, 6.8. CuH„ 0 , requires C. 60.72; H, --.05 
per cent.). ' 


Byak-angelicin from "mixed lactone”. — “Mixed lactone" (0.5 g. in 5 cc. 
rectified spirit) was boiled with aqueous oxalic acid (1%) for 4 hours under reflux. 

^tyStalline product obtained on cooling the solution was successively 
cys alhsed from ethyl acetate, benzene, and finally from dilute alcohol. Pale 
ye ow Ciystds, m.p. 119-22°, were obtained. Its properties agreed with those of 
ya -angelicin. The t%vo had almost the same mixed m.p. 

Ferulinic Acid and isoPimpinellin from "mixed lactone” "Mixed lactone" 

(°-5 g-) was dissolved 'in rectified spirit (10 cc.) and treated with aqueous caustic 
potash (5 cc. of 10%). The mixture was evaporated on the water-bath to a small 
volume and acidified with hydrochloric acid. The precipitate was collected next 
dav . ^ This was extracted with warm potassium bicarbonate solution and filtered. 
The insoluble residue on repeated cr5^tallisations from dilute alcohol gave pale 
yellow needles, m.p. 148°, identified as those of jsopimpinellin (mixed m.p.). 

The bicarbonate solution on acidification with dilute hydrochloric acid gave a 
precipitate which formed pale brown prisms, m.p. 193-4° decomp, after repeated 
crystallisations from dilute alcohol. This was identified as ferulinic acid 
(mixed m.p.). 

Isolation of Ferulin and isoPhnpinellin from "mixed lactone ” . — “Mixed 
lactone (2.5 g.) was carefully fractionated in high vacuum at 0.05 mm. pressure. 
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The fraction which distilled below 165° was collected (i g.). The brown residue 
left in the distillation tube was taken up with methyl alcohol, and allowed to ciy’s- 
tallise slowly. The brown thick crystals thus obtained were distilled at 
175-85° /0.05 mm. The pale yellow distallaite (0.73 g.) on being crystallised from 
methyl alcohol, formed pale yellow prisms. Redistilled in high vacuum and twice 
crystallised from the same solvent, transparent colorless plates, m.p. 87°, were 
obtained. These are sparingly soluble in ether and petroleum ether, easily soluble 
in cold benzene, cold ethyl acetate, cold acetone and warm alcohols. 

0.3606 g. substance dissolved in 25 cc. aceftone showed a rotation of +0.197° 
in a 0.5 dcm. tube at 23°. Hence [a]«= +27.31°. This compound was found 
to be identical in every respect with ferulin, CuHicOc, previously described by 
Dutt (2). 

The fraction boiling below 165° was fractionally crystallised from dilute methyl 
alcohol. Three fractions were obtained, (i) Pale yellow ill-defined crystals, m.p. 
138°: (ii)' Yellow needles, m.p. 96-97°: and (iii) Pale yellow ill-defined crystals 
or nodules, m.p. 79-81° (extended). Fraction (i) after several crystalhsations gave 
soft yellow needles, m.p. 148°, identified as isopimpinellin (mixed m.p.). Fraction 
(ii) on further crystallisations formed yellow needles, m.p. 100-1°. The analytical 
data of this compound, which was at first thought to be a new component, were 
as follows: 

C, 62.82; H, 4.18; OMe, 19.32. 

This produdt on vacuum distillation gave no single produdt but fractions, which 
when crystallised from dilute alcohol, had m.p.’s 137°, 144° and below 100° (not 
sharp). Apparently the crystalline product, m^p. ioo-'i° from fraction (ii), is a 
mixture. As We had a small quantity of this substance a;t our disposal, further 
examination was not possible. 

Conversion of Ferulin into Byak-angelicin and Fenilinic Acid. — The conver- 
sion of ferulin into byak-angelicin was carried out in the manner described before. 
The identity of the product with byak-angelicin was established in the usual ' 
mEinner. 

The acid obtained by treating ferulin (o.l g.) with 4 cc. of 10% alkali in aqueous 
alcoholic medium was found to melt at 194° decomp. It wa§ identified as fenilinic 
acid. 

The authors desire to thank Mr. N. Ghosh for micro-analyses of most of the 
samples. 
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Iyengar et al (i) have studied the proteolytic system in normal and 
pathological conditions like cancer, diabetes, typhoid, aneemia, thrombocytopaenic 
purpura, small-pox, cholera, etc. Changes in the free trypsin content of plasma 
were observed in certain pathological conditions. Greater protein catabolism due 
not only to an active increased energy requirements, but also due to an active 
destruction of protein in typhoid fever and febrile tuberculosis have been reported 
by Krause (2). In view of this, a study of the proteolytic system of blood in these 
two conditions would be exceeding^ interesting. Although the blood of a few 
typhoid patients have already been tested, it is considered that they were too few 
in number to come to any definite conclusions. Moreover the technique of the 
determination of the tryptic activity of plasma has been altered. 

^ Experimental 

Materials and Methods 

In previous papers by the author, plasma was precipitated by acetone, the 
precipitate containing the trypsin centrifuged, dried in vacuum free of acetone. 
Instead of this, the blood after withdrawal asepticalljr from the patient is centrifuged 
and the plasma thus obtained was incubated at 37 °C for 24 hours under sterile 
conditions. 2 cc. of this plasma were withdrawn aseptically before incubation and 
the non-protein nitrogen content of this determined in the usual manner after 
precipitating the proteins with 10% trichloracetic acid. Non-protein nitrogen was 
likewise determined on the sterile plasma after incubation for 24 hours. The 
increase in the non-protein nitrogen after incubation represented the proteol3dic 
activity of the plasma. 

The proteolytic activity of the plasma of about 20 normal human subjects 
were first determined. 
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TABLE I 

Proteolytic activity of plasma from normal 
human subjects. 


Proteolytic activity of plasma 
expressed as ‘Increase in N. P. N.’ 
for 100 c.c. 


( 1 ) 

( 2 ) 

(3) 

(4.) 

(5) 

( 6 ) 

( 7 ) 

(8) 

(9) 

( 10 ) 

(H) 

( 12 ) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

( 20 ) 

Mean value 


18 mg. 

22 mg. 

25 mg. 

17 mg. 

24 mg. 

/ 16 mi. 

28 mg. 

21 mg. 

15 mg. 

14 mg. 

26 mg. 

20 mg. 

25 mg. 

19 mg. 

21 mg. 

16 mg. 

14 mg. 

21 mg. 

18 mg. 

15 mg. 

19.8 mg. or 20 mg. correct to a mg. 


Standard error is 



± 1 Approximately. 


TABLE II 

Proteolytic activity of plasma from patients 
stiff ering from Tuberculosis. 


Proteolytic activity of plasma 
expressed as ‘Increase in N. P. N.’ 
for 100 c.c. 




PROTEOLYTIC SYSTEM IN THE BLOOD OP TUBERCULOSIS AND TYPHOID 




TABLE in 


Proteolytic activity of plasma from patients 
suffring from Typhoid. 


Proteolytic activity expressed 
as ‘Increase in N.P.N.’ for 100 cc. 

(1) 

24 mg. 

(2) 

SI mg. 

(3) 

' 80 mg. 

(4) 

22 mg. 

(5) 

25 mg. 

(C) 

2G mg. 

(7) 

28 mg. 

(8) 

19 mg. 

(9) 

81 mg. 

(10) 

18 mg. 

(11) 

82 mg. 

(12) 

88 mg. 

(18) 

27 mg. 

(14) 

87 mg. 

(15) 

S2 mg. 

(16) 

29 mg. 

(17) 

81 mg. 

(18) 

22 mg. 

(19) 

19 mg. 

(20) 

81 mg. 

Meat) value 

28 mg. 

Standard error is 

± 1.5 


The above results demonstrate an increase in the plasma trypsin content of 
Tuberculosis and Typhoid patients over those of normal subjects. This fact becomes 
clearer on statistical treatment of results of application of 'Significance Test.’ 

Significance Test (between Tables i and 2). 

To determine whether the result in Table i is significantly different from the 
result in Table 2 or whether the difference between them is due to error of sampling, 
the foUmving formula is used. 

mi -m, 

X Es' where mi and ms are the mean 

results and Ei and Es are their respective errors. 

mi=20 E,=l 

m = 332 E, =3 

T-' ■ ^ — = 3.t 6. P is less than o.oi 

/s/l + 9 

The difference in the plasma tij'psin content of normal and tubercular subjects 
is highly significant. It might be concluded, therefore, that the trjiisin content 
of the plasma is definitely increased in tuberculosis. 
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Significance Test (between Tables I and III). 

mi =20 Ei=l 

m,=28 E,=r5 

T- -Ar=4-4- P is less than o.oi 

-rs 

This difference is also highly significant. The trypsin content of the plasma is 
increased in Typhoid also. 

Having demonstrated that a definite increase in the trypsin content of Plasma 
takes place, the cause of this is next investigated. The observed increase may be 
due to one or other or both the following factors. 

(1) The trypsin inhibitor normally present in Plasma might not be present 
in the blood of tubercular and typhoid patients. 

(2) There might have been a real increase in the trypsin content. 

In order to test the two possibilities, the following experiments were carried out. 

The free trypsin content of plasma was first determined on the powder obtained 
from the precipitation of the plasma by acetone. The method has been described 
by the author (3). The tr3/psin content of the same plasma after precipitation by 11 
volumes of 2.5% trichloracetic acid was also determined. 

The results are given in Tables IV and V. 


TABLE IV 


Trypsin content of tubercular plasma before 
and after removal of trypsin inhibitor. 



Free Plasma Trypsin calculated 
for 100 c.c. expressed as ‘Increase 
in N.P.N.’ before removal of 
inhibitor. 

Total Plasma Trypsin calculated 
for 100 c.c. expressed as ‘Increase 
in N.P.N. ’ after removal of 
inhibitor. 

0) 

23 mg’. 

26 mg. 

(2) 

25 

30 

(3) 

28 

29 

(4) 

22 

20 V 

(5) 

35 

29 

(6) 

34 . 

38 

(7) 

26 

31 

(8) 

31 

35 

Mean 

28 

SO 



PROTEOLYTIC SYSTEM IN THE BLOOD OF TUBERCULOSIS AND TYPHOID 


15 


TABLE V 

Trypsin content of typhoid plas7na before and 
after retnoval of trypsin inhibitor. 



Free Plasma 

Trypsin. 

Total Plasma 
Trypsin. 

(1) 

31 mg. 

44 mg. 

(2) 

24 

48 

' (3) 

35 

39 

(4.) 

26 

42 

(5) 

38 

49 

(6) 

31 

54 

(7) 

2T 

48 

(8) 

32 

36 

Mean 

31 

45 


In Tuberculosis the trypsin inhibitor appears to have been destroyed as there 
is no significant increase in the trypsin content after treatment with trichlor-acetic 
acid which is designed to remove the inhibitor if present. The observed increase in 
the plasma trypsin content in tuberculosis can be wholly attributed to the absence 
of the inhibitor present in normal plasma. In Typhoid the inhibitor is present, 
since an increase in the trypsin content is observed after treatment with trichlor- 
acetic acid. In this case the increase in the free plasma ^rypsin content is due to 
a real increase in the trypsin circulating in plasma. 


The disappearance of the trypsin inhibitor from the plasma in tuberculosis 
patients is a very significant finding and the mechanism by which this happens is 
worth investigating. The trypsin inhibitor might not be formed at all or might 
have been destroyed. The only plausible way by which it could have been des- 
troyed is by the action of a poly-peptidase which might be present in the tubercular 
blood, since the inhibitor is known to be a poly-peptide of low molecular weight 
and accordingly can be acted upon by a polypeptidase. This can be ascertained by 
incubating the inhibitor with tubercular plasma. 

The inhibitor was prepared according to the method of Schmitz as briefly des- 
cribed by the author (4). A dilute solution of this (2 mg. in 25 cc.) was found to 
be strongly inhibiting the action of trypsin. 5 cc. of this solution was then incu- 
bated for a period of two hours with 5 cc. of tubercular plasma. The inhibitory 
activity of this incubated mixture on the activity of trypsin (B.D.H.) was then 
studied. The results are given in Table 6. 
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TABLE VI 


Activity expressed as increased in N.P.N - 
of 5 cc. of a 2% Casein solution after 
incubation for 6 hours. 

Activity of Trypsin. 

25 

mg. 

Trypsin plus 2.5 cc. of inhibitor (added to substrate 
solution after 30 minutes) 

12 


Trypsin plus 5 cc. of the incubated mixture of the 
' inhibitor solution and tubercular plasma (added 
to substrate after 30 minutes) 

21 



The results show that the inhibitor is inactivated by some agent in tubercular 
plasma which in all probabihty is a polypeptidase. This was further confirmed 
by incubating normal plasma containing the inhibitor with tubercular plasma. The 
results are given in Table VII. 


TABLE VII 


Activity expressed as ‘Increase in N.P.N. 
for 100 cc. Plasma’ 


Tryptic activity of normal plasma 25 mg. 

Activity of tubercular plasma S6 

Activity of normal plasma after incubating for 
one hour with tubercular plasma (5 cc. normal 

plus 5 cc. tubercular) 74- 


The increase in the tryptic activity of the incubated mixture of equal quantities 
of normal and tubercular plasma is more than the arithmetic sum of the two activities 
individually, but is appfoximately double the activity of the tubercular plasma. 
This shows that the inhibitor present in normal plasma has been inactivated by 
tubercular plasma. 

This result leads naturally to an investigation of polypeptidase activity of tuber- 
cular-plasma as compared with normal plasma. The polypeptidase activity of a 
number of tubercular plasma was determined by a method similar to that of Grass- 
man and Dyckerhoff (5) using dl-leucylglycylglycine as the substrate. 

o.6r grams of dl-leucylglycylglycine was treated with i.o cc. of 0.25 N Anunonia 
solution and x.o cc. of H Ammonium chloride solution and to this was added 0.85 
cc. of 0.33 N Phosphate buffer solution of 7.0 and made up to 50 cc. 5 cc. of 
this solution was warmed to 40°C and 5 cc. of tubercular or normal plasma were 
added. 4 cc. of this mixture was titrated immediately in go% alcohol with o.oi N 
KOH using thymolphthalein as indicator. After incubating the mixture for two 
hours another 4 cc. of this mixture was likewise titrated. The difference between 
the two titration values gives the polypeptidase activity of the plasma. The results 
are given in Table VIII. 
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TABLE Viri 


Polypeptidase activity of tubercular and 
normal plasma. 



Nornwil 

Volume of 0.0] N KOH 

Tubercular 

Volume ofO.OlN KOH 

(1) 

Nil 

O.S ec. 

(2) 

Nil 

0.(i ee. 

(3) 

Nil 

0.9 ee. 

(1) 

0.1 ee. 

0.8 ee. 

(5) 

0.1 ce. 

0.8 ee. 


There is a significant polypeptidase activity in tubercular plasma while in 
normal plasma the enzyme is absent. 

This important change in the blood of a tubercular patient can be used for 
diagnostic purposes. Instead of measuring the polypeptidase activity which requires 
the use of synthetic potypeptides, the absence of the inhibitor, which can be proved 
by determining the tryptic activity of plasma before and after treatment with 
trichloracetic acid, can be used as a diagnostic test for tuberculosis. 

Similar experiments as the above were carried out with plasma from typhoid 
patients. The inhibitor was found to be present, the plasma was not capable of 
inactivating the inhibitor and there was negligible polypeptidase activity. 


Summary and Conclusions 

(1) Proteol5d:ic activity of plasma from tubercular and typhoid patients have 

been determined by studying the increase in ‘non-protein nitrogen’ of the sterile 
plasma after incubation for 24 hours. ' 

(2) In both the diseases a significant increase in the proteolytic activity over 
that of the normal plasma has been observed. 

(3) This increase in the proteolytic activity in tuberculosis has been found 
to be due to the absence of the trypsin-inhibitor while in typhoid the increase is due 
to a greater amount of the enzyme circulating in the blood, because the inhibitor 
was found to be present. 

(4) The absence of the inhibitor in tuberculosis is due to the cdpacity of the 
plasma to inactivate the inhibitor. The tubercular plasma was found to destroy 
the trypsin inhibitor 'in vitro’ , in both normal plasma as well as the trypsin-inhibi- 
tor isolated from beef blood. 

(5) Polypeptidase was found to be present in tuberculosis plasma and not in 
normal or typhoid plasma. The absence of the inhibitor in tuberculosis plasma 
is therefore due fo the presence of polypeptidase which acts upon the inhibi- 
tor known to be a polypeptide of low molecular weight. 
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(6) It is suggested that this finding of the absence of trypsin-inhibitor in 
tuberculosis plasma can be used as a dia^ostic test for tuberculosis. 

(7) This test can be carried out by determining the tryptic activity of the 
patient’s plasma before and after treatment with 2.5% trichloracetic acid. 
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Dunn (i) et ai have reported that parenteral administration of Alloxan is 
followed by complete necrosis of the pancreatic islet tissue, hyperglycaemia and 
glycosuria, simulating the symptoms of ‘Diabetus Mellitus'. Jacobs (2) observed 
that the intravenous injection of Alloxan brings about a profound fall in blood- 
sugar which is succeeded by hyperglycaemia. , 

Hughes, Ware and Young (3) have elucidated the mechanism by which Alloxan 
acts in the above manner. The immediate effect of the administration of Alloxan 
intravenously to a fasting rabbit is to raise the blood-sugar to between 150 to 250 
mgs. per 100 cc. This phase is followed by a fall in blood-sugar coming to hypo- 
glycaemic levels in about 8 hours after injection. This initial hyperglycaemia has 
been explained by Hughes et al (loc cit) to be possibly due to the release of adrenaline 
in the body. The h5^oglyCaemic action of Alloxan is considered to be due to the 
slow release of preformed Insulin from dying islet cells. 

Alloxan is an oxidizing agent having a special affinity for sulfhydrjd groups. 
Purr (4) has found that it causes reversible inactivation of Papain and cathepsin, 
the activity of which depends on the presence of-SH groups. With the nitroprusside 
test for-SH groups, the inactivation was attributed to the disappearance of the-SH 
groups. 

Jensen and Evans (5), Freudenberg et al (6) and Du Vigneau et al (7) have all 
reported that cysteine, glutathione and thioglycollic acid will inactivate Insulin. 
Insulin in the native and fully active state is in the oxidised condition and no free- 
SH groups are detectable. When the hormone is acted upon by thioglycollic acid 
(or any of the above reducing agents) at pK near 2, the first phase is the conver- 
sion to the reduced state if precautions are taken not to denature the protein. Later 
in the process, the protein suffers marked physical changes e.g. decrease in solubi- 
lity and increase in viscosity and gel formation which can be regarded as criteria 
for the commencement of denaturation. The point at which the hormone can be 
brought to the reduced condition without denaturation has-been worked out by 
Stern and White (8). This stage is reached after about 150 minutes reduction by 
thioglycollic acid. The protein at this stage contains about 2 to 3 cysteine equiva- 
lents per Insulin molecule and about 50% of the original activity is retained ; 
•complete inattivation would then require more drastic changes in the molecule, 

1 possibly leading to complete denaturation. Compared with the original S-S insulin, 
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the reduced product, just before the commencement of denaturation, has practically 
identical content of tj^rosine, free amino groups and total sulphur. The molecular 
size, the iso-electric point, the viscosit)? and the ultraviolet absorption spectrum are 
also found to be unchanged. These findings support the conclusion that the only 
alteration produced by the reaction of insulin with thioglycollic acid is a reduction 
of a small number of dithio linkages to sulfhydryl groups. 

In view of the special affinity of Alloxan for-SH groups, the possibility of re- 
activating Insulin, partial!)? inactivated by thioglycollic acid, up to the stage at 
which denaturation just commences, is worth investigation. The results of such a 
study may throw light on the mechanism of action of Alloxan. 

Experimental 

10 mg. of amorphous Insulin were dissolved in acid saline and the adjusted 
to about 2. Thioglycollic acid was added to this and the reaction allowed to pro- 
ceed for about two hours in the absence of air. The excess of thioglycollic acid 
was removed by acetone as described by Stern and White (loc cit). The solubility 
and viscosity of the resulting product was found to have been altered very little, 
thereby assuring that the denaturation was reduced to a' minimum.. The activity 
of this product was determined by the rabbit blood-sugar method and found to be 
about 9 units per mg. 2 mg. of this partially inactivated, but not denatured Insulin 
was dissolved in lo cc. water and added to 5 cc. of ^a solution of Alloxan "containing 
50 mg. The pH of this solution was adjusted to 7 and incubated for i hour at 
30°C. The insulin potency of this solution was accurately tested by the rabbit 
blood-sugar method. The results are given in Table I. 

TABLE I 

Potency of Insulin. 


(1) Amorphous Insulin before treatment with 

thioglycollic ucicl. 

(2) Insulin, after treatment with thioglycollic 

acid for 2 hours and tlie CNcess of the reagent 
removed hy .Veetone treatment. 

(.”) 2 mg. of (2) in 10 cc. plus .■) i-c. of .Vlloxan 
(.)0 mg.) incubated for 1 hour at .‘iO'C pll 7. 


IS units per mg. 


!» units per mg. 

2 units per cc. or 1,") units per mg. 
of the insulin ; 

(the total volume of the solution 
being l.S cc. and the solid in- 
•sulin (2) added being 2 mg.) 


The thioglycollic acid treated Insulin appears to be activated by Alloxan. The 
activity of the product has been increased from g units per mg. to 15 units, the 
original activity being 18 units. This reactivation brought about by Alloxan should 
be ascribed to its capacity to specifically oxidise SH groups to SS groups. In 
determining the potency of solution (3) in Table I, the whole solution containing 
Alloxan was injected to the rabbit. There is every possibility of Alloxan interfer- 
ing with the blood-sugar reducing capacity of Insulin which is the measure for 
determining the potency. It is therefore essential to see whether Alloxan in the 
dosage employed has any effect on the blood sugar. of the rabbit or interferes in 
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any way with the quantitative effect of Insulin alone. The concentration of Al- 
loxan in solution (3) is 3.3 mg. /cc. 0.5 cc. of this solution was injected subcutane- 
ousty to the rabbits for the determination of the potency of the solution. Hence the 
absolute amount of Alloxan injected was 1.65 mg. The effect of double this 
amount of Alloxan by itself or with one unit of Insulin on the blood-sugar of the 
rabbit has been determined. The results are given in Table II. 

TABLE II 

Effect of Alloxan, and Alloxan and Instdin on the 
blood-sugar of rabbits 


Average % of Blood- 
sugar reduction. 

Insulin 1 unit. .34% 

Insulin 1 unit plus ~i nig. Alloxan :il .5% 

Alloxan in dose of even 5 mg. had no effect on the blood-sugar. It is therefore 
evident that Alloxan has the property of reactivating Insulin which has been 
partially inactivated by reduction with thioglycollic acid under controlled conditions 
ensuring that no appreciable denaturation takes place. 

If the treatment with thioglycollic acid is continued for a period of three hours, 
the resulting product shows increased viscosity and markedly decreased solubility, 
the two conventional criteria for denaturation. The activity of this product is 
7 units per mg. , a value which is not very much less than the product obtained after 
150 mins, treatment. Now that the denaturation has taken place, although there 
is not much increased reduction of SS groups, it will be interesting to determine 
whether Alloxan has the property of reactivating this product. The results are 
given in Table III. ' 

TABLE III 

Potencj'. 


(1) Insulin (original) 

(2) Insulin after Ircatinent with thioglycollic acid 

for three and half hours. 

(.3) 2 mg. of (2) in 10 cc. saline plus 50 mg. 

Alloxan in 5 cc., incubated for I hour at 

2)H T. 

There is practically no reactivation of (2) after treatment with Alloxan. The 
inactivation due to denaturation as well as reduction of S-S groups cannot be 
reversed by Alloxan while the partially reduced but not denatured Insulin can be 
reactivated by Alloxan. Having established that Alloxan reactivates partially re- 
duced Insulin, the application of this important fact in explaining the already dis- 
covered action of Alloxan on the blood-sugar of rabbits is next considered. Among 
the various modes of destruction of Insulin, the part played by glutathione and 
cysteine does not seem to have received the required attention.. In the reduced 
state, glutathione can inactivate Insulin. The reactivation of Insulin, inactivated by 
such a reduction by Alloxan has been demonstrated 'in vitro'. It is quite likely 
that such a reactivation takes place ‘in vivo’ after the administration- of Alloxan. 


1 

/ 


18 units per mg. 
7 \uiits per mg. 


'I 1 unit iier cc. or about 7 units per 
^ mg. of preparation (2). 
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As this reaction takes one hour or more, the hypoglycaemic effect of AlJoxan can be 
observed only after a few hours, a fact observed in the blood-sugar of rabbits in- 
jected with Alloxan. 

The immediate hyperglycaemia after Alloxan administration has been explain- 
ed by Young et al to be possibly due to the liberation of Adrenaline. The 
subsequent hypoglycaemic effect is considered to be due to the slow release of pre- 
formed Insulin from dying islet cells. While this explanation supported by 
experimental data is the most probable one, the possibility that Alloxan might 
reactivate the partially inactivated Insulin (by glutathione normally present in 
blood) exists. 

In order to test this possibility, the action of lower doses of Alloxan (not such 
a low dose as used in Table II) which might not effect the islet cells, has been in- 
vestigated. The dosage of Alloxan employed bj^ Dunn et al in order to produce 
the classical sjnnptoms of diabetus mellitus and at which the islet cells are damaged 
is 200 mg. per kilo. A dose of 50 mg. per kilo has been employed in our experi- 
ments and the results are given in Table IV. 


TABLE rv 


Dose 

of Alloxan. 

Blood-«ugar in mg. per 100 
0 hr. i hr. 1 hr. 

cc. at intervals of 

2 hrs. 3 hrs. 

(1) 50 mg. per kg. 

100 

lOS 

92 

89 - 

8r 

(2) 

—do— 

94 . 

100 

86 

81 

85 

(3) 

— do — 

125 

129 

112 

105 • 

10>1 

(4.) 

— do — 

118 

125 

105 

100 

102 

(s) 

— do — 

108 

112 

102 

93 

95 

(6) 

— do — 

98, 

103 

91 

86 

83 

Average percentage reduction 

... 

... 

9% 

13.5% 

13% 


In every case there is a gradual fall in blood-sugar after the intravenous 
administration of 50 mg. of Alloxan per kg, weight of the rabbit. In the first half 
hour a very slight rise is observed which may not have any significance, as such 
small changes might be observed in rabbits without any treatment. The dose of 
50 mg. per kilo is not known to produce any damage of the islet cells and the 
reduction of the blood-sugar should therefore be attributed to some action of Alloxan 
other than its capacity to release preformed Insulin from dying islet cells. This 
hypoglycaemic effect of small doses of Alloxan can be explained in two ways : 

1. Increased production of Insulin in the pancreas by a possible mitotic 
action of Alloxan as visualised by Hughes et al (loc cit) or, 

2. Activation of inactive Insulin present in the blood. 

In the absence of evidence for the specific mitotic action of Alloxan in the islet cells, 
the second possibility is worthy of consideration. There is always active and In- 
active Insulin present in the circulating blood. If by some method, the inactive 
Insulin can be activated, a reduction in blood-sugar is to be observed.' As such 
a result has been demonstrated by the intravenous administration of Alloxan,. (50 
mg. per kilo) it can be stated that the substance has this activating property, parti- 
cularly if the inactivation has been brought about by reduced glutathione or cysteine. 
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In support of this hypothesis the following experiment was carried out. The 
hypoglycaemic effect of 0.5 unit per kg. of Insulin was given subcutaneously, 
and 50 mg. /kg. of Alloxan was given intravenously. The blood-sugars of these 
rabbits were followed for a period of 3 hrs. The results are given in Table V. 


TABLE V 


Average Blood-sugar in mg. per 100 cc. after 
various intervals. 







0 hr. 

1 hr. 

2 lu-s. 

8 hrs. 

4 hrs. 

0.5 

unit 

per 

kg- 

Insulin. 

122 

96 

85 

90 

104 

o.s 

unit 

per 

kg 

Insulin 

118 

99 

62 

79 

94 


subcutaneously . and SO 
mg. per kg of Alloxan 
intravenously. 


TABLE VI 

[Computed from the results of Table V) 



Average percentage of Blood-sugar 


reduction at the end of 2 hrs. 

0.5 unit per kg Insulin subcutaneously. 

30% 

0.5 unit per kg Insulin subcutaneously and 50 mg. 


per kg of Alloxan intravenously. 

47.5% 


The hypoglycaemic effect of Insulin and Alloxan ^at the end of 2 hrs. is greater 
than that of a same dose of Insulin alone. When the same dose of Alloxan is ad- 
ministered alone, the percentage of blood-sugar reduction is 13.5, the effect of 
Insulin alone is 30%, the sum total of these two is 43.5%, while the observed 
effect is 47.5%. If this increase of 4% over the arithmetic sum of the effects of 
Insulin and Alloxan separately is regarded as significant, it can be attributed to the 
possible activating influence of Alloxan on the extraneous injected Insulin which 
might have been partially inactivated by thiol reductions, in addition to the acti- 
vation of Insulin circulating in the blood in the inactive condition. 

The experiments reported provide indirect evidence for the probable role of 
mild doses of Alloxan as an activator for Insulin, assuming that there is always 
some amount of reversibly inactivated Insulin circulating in the blood. If there 
was an accurate method of estimating Insulin in blood, direct evidence for the 
activating influence of Alloxan could be produced by incubating Alloxan with blood 
and determining the increase if any, in the blood-sugar reducing capacity of the 
blood. , 
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Summary and Conclusions 

(1) The 'in vitYo’ action of Alloxan on Insulin, partial!}/ inactivated by the 
action of thioglycollic acid under controlled conditions without appreciably denatur- 
ing the protein, has been studied. 

(2) When the reduction is allowed to proceed for 2 hrs. the activity of the 
Insulin is decreased from 18 units per mg. to 9 units per mg. Alloxan activates 
this Insulin and the potency is increased to 15 units per mg. In view of the fact 
that the inactivation of Insulin by thioglycollic acid is due to the reduction of S-S 
groups, the reactivation by Alloxan is ascribed to the oxidation of S-H groups to 
S-S groups in which state alone the native Insulin protein is active. 

(3) If the reduction of Insulin by thioglycollic acid is carried out more drasti- 
cally over a longer period resulting in appreciable denaturation of the protein. 
Alloxan has no activating effect although the inactivation of Insulin is not -verj/' 
much more than in the previous case. 

(4) The intermediate hypoglycaemic effect of Alloxan observed in between 
the initial and the final h3'perglycaemic effects has been explained by Hughes et al 
(loc cit), to be due to the slow release of preformed Insulin from dying islet cells. 
In addition to this most plausible reasoning, the possibility of this action of Alloxan 
being due to its activating influence on the reversibly inactivated Insulin present 
in the circulating blood, has been considered. 

(5) Indirect evidence for such a possibility has been attempted. 

(6) Intravenous injection of Alloxan (50 mg. /kg.), in doses far below the 
dose (200 mg. /kg.) known to produce extensive damage of the islet cells, pro- 
duces a noticeable reduction in the blood-sugar of rabbits. 

(7) The blood-sugar reducing capacity of 0.5 units per kg. of Insulin is also 
increased if it is immediately followed b)/ an intravenous injection of Alloxan {50 
mg. per kg.). 

(8) These results are suggestive of the possibility of Alloxan in lower doses 
acting as an activator for any reversibly inactivated-Insulin present in blood. 
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The prolongation of the hypoglycaemic effect of Insulin when administered in 
various forms of the hormone is in the order of. 

(1) . Protamine-zn-Insulin, 

(2) . Crystalline-zn-Insulin, 

(3) . Amorphous Insulin. (Scott, i). ^ 

Glohin-lnsulin, a product -^ly^— 

found to have the prolongation ^ statement that this might 

more than that of protamine-zn-Insulin the reasons 

possibly be due to the forms of Insulin have not been 

for this graded prolongation effect of different rates of destruction of 

satisfactorily explained. . d in the various forms may account 

Insulin by plasma-trypsin when admi considered. As the 

for the variations in the duration ^ proteolytic system in blood, it 

author was engaged in been ddL in the present paper 

occurred to him to test this hypothes , rion-protein 

by studying the rate of destruction o subjected to the action of 

nitrogen when the various Insulin preparations were 3 

trypsin. 
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Materials and Methods 

The following solutions were used; ‘ ’ ' ' ' 

(1) . Protamine-zn-Insulin, manufactured by Lillys, having a potency 6f 

40 units per cc. 

(2) . Crystalline-zn-Insulin solution having a potency of 40 units per cc. 

was prepared from the International Insulin Standard. 

(3) . Amorphous Insulin solution of a potency of 40 units per cc. was pre- 

pared from Amorphous Insulin powder having a potency of 15 units 
per mg. 

(4) . Globin-Insulin solution manufactured by Burrough’s Wellcome and 

Company, having a potency of 40 units per cc. 

(5) . B.D.H. Trypsin, 0.5% solution. (A weak trypsin solution was used 

as the experiments were designed to test the comparative action, when 
subjected to very mild tryptic digestion similar to that possibly taking 
place in plasma). 

The rate of destruction of Insulin by trypsin was studied by the rabbit blood- 
sugar method. The percentage of blood-sugar reduction after administration of 
each test solution was determined in 15 rabbits. The rate of proteolytic action was 
determined by the increase in non-protein nitrogen. In the case of Globin-Insulin, 
however, only the rate of Insulin inactivation was determined and not the increase 
in non-protein nitrogen, because the globin part of the solution will also give rise 
to non-protein nitrogen as a result of tryptic action, i cc. of tr3T3sin solution was 
added to 5 cc. of each of the above four solutions. Non-protein nitrogen was 
determined in each case immediately after adding trypsin solution. The solutions 
were all incubated at 37°C for half an hour. The pH of all the solutions was 7.2. 
The hypoglycaemic effect of each of these solutions as well as the N.P.N. were deter- 
mined after incubation. In the case of Protamine-zn-Insulin, the hypoglycaemic 
effect was determined after acidification and dilution in order to break the suspen- 
sion. This will give a measure of the potency of Insulin. Otherwise if directly 
used, the hypoglycaemic effect will not be a true measure of the potency. The 
average percentage of blood-sugar reduction will give a measure of the potency 
retained in each solution after tryptic digestion. The lower the effect, the greater 
the inactivation. The results are given in Table I. 

TABLE I 

Each solution is incubated for 50 mms. 


Average percentage of blood-sugar Increase in N-P-N cal- 

reduction (2 cc. of each mixture culated for 100 mg. of 

is diluted to 16 cc.) 0.5 cc. of this Insulin, 

solution is injected into rabbits. 


(1) 

Protamine-zn-Insulin plus 
trypsin 

31.4 

2.5 mg. 

(2) 

Crystalline-zn-Insulin solu- 
tion plus trypsin 

24.9 

8.4 

(;!) 

Amorphous Insulin plus 
trypsin solution 

19.2 

4.5 

( 4 ) 

Globin Insulin plus trypsin 
solution 

28.2 
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THe rates of inactivation of Insulin as well as the digestion of the Insulin pro- 
tein by a dilute solution of trypsin are in the ofder of Amorphous Insulin, Crystal- 
line-zn-Insulin and Protamine-zn-Insulin. The Globin-Insulin comes in between 
Crystalline-zn-Insulin and Protamine-zn-Insulin> in the rate of inactivation. The 
rate of digestion of the Insulin protein in globin-Insulin could not be carried out 
as the protein globin will also be digested and it is not possible to apportion the 
digestion of Insulin protein from the total digestion of both the proteins. The 
susceptibility of Insulin to tryptic attack is different in each of the above prepara- 
tions. This result is very interesting in view of the fact that it runs parallel with 
the recorded findings, on the duration of the bypoglycaemic effect of each prepa- 
ration. 

The close parallelism between the two findings affords strong evidence in sup- 
port of the hypothesis that the duration of the effect of Insulin, if not also the 
intensity, depends upon the rate of destruction by trypsin circulating in the blood. 

The reason why Insulin in different forms or in combination with other sub- 
stances should behave differently in its liability to tryptic -action, is not far to seek. 

In the case of Protamine-zn-Insulin, it was thought that its prolongation effect 
was due to the insolubility of the complex. The possibility that Protamine might 
act as a trypsin inhibitor has to be considered. 

In the case of Globin-Insulin, which is a clear solution, the protection offered 
to the hormone can be explained on the basis of the author’s work, wherein he has 
demonstrated that other proteins which are more susceptible to tryptic action might 
be able to protect Ifisulin which is comparatively a more resistant protein. 

The effect of Protamine on the tryptic digestion of casein at a of 7.2 was 
investigated in order to ascertain whether Protamine acts as a trypsin inhibitor. A 
solution of protamine containing 2 mg. per cc. was prepared. The substrate used 
was 2% casein solution. A 5% B.D.H. trypsin solution was the enzyme. The 
results are given in Table II. 


TABLE II 



- 



Increase in 
N.P:N. in 
the digest. 

Incubated 
at 3 r‘’C. 

for 2 

hours 

10 cc. Casein solution plus 2 cc. trypsin 
solution plus 2 cc. Buffer of pH 7.2 plus 

1 cc. water. 

9.2 mg. 

Incubated 
at 37°C. 

for 2 

hours 

JO cc. Casein plus 2 cc. trypsin solution plus 

2 cc. Buffer plus 1 cc. Protamine solution. 

U.8 


It is evident from the results that protamine is a trypsin inhibitor at 7.2. 
In the experiments reported, the protamine has been directly added to the enzyme 
substrate mixture and yet the inhibitoiy action is observed unlike the other trypsin 
inhibitors; (i) Polypeptide inhibitor from blood and (2) Heparin, both of which 
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have to remain in contact with the enzyme for a period of 30 minutes, before the 
addition of the substrate, in order to exhibit their inhibitory actions. The import- 
ant difference between protamine on the one side and the other two trypsin inhibi- 
tors on the other side, accounts for the inability of the latter two inhibitors to exert 
any significant prolongation effect (Iyengar 2.) when mixed with Insulin and 
injected into rabbits. These two inhibitors have no opportunity to combine with 
plasma trypsin before Insulin is administered in order to be able to exert their 
inhibitory action. 


Summary 

(1) . The comparative action of Tiypsin on amorphous Insulin, Crystalline- 
zn-Insulin, Protamine-zn-Insulin and Globin-Insulin has been studied by following 
both the inactivation of Insulin as well as the increase in non-protein-nitrogen, the 
latter result being expressed as so many mg. for 100 mg. of Insulin. 

(2) . The rates of inactivation of Insulin as well as the digestion of Insulin 
protein are in the order of (i) Amorphous Insulin, (ii) Crystalline-zn-Insulin (in) 
Globin-Insulin and (iv) Protamine-zn-Insulin. 

(3) . Protamine has been found to be an inhibitor of the tryptic digestion of 
casein at pH 7.2. 

(4) . The inhibitory effect of protamine is noticed even when it is directly 
added to the enzyme-substrate mixture unlike the other two • inhibitors (a) Poly- 
peptide from blood and (b) Heparin both of which have to remain in contact with 
enzyme for a period of 30 minutes before the substrate is added. 

(5) . This important difference between protamine on the one 'side and the 
other two trypsin-inhibitors on the other side accounts for the inability of the latter 
two substances to exert any significant prolongation effect when mixed with Insulin 
and injected into rabbits. 
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It is now well recognised that germinating seeds are strongly antiscorbutic as 
compared to dormant seeds (x-8). It has been observed that dicotyledonous seeds 
synthesise ascorbic acid to a much greater extent than monocotyledonous seeds. 
Much of this work has been carried out on peas, pulses and other leguminous seeds. 
Muthanna and Ahmad (9) showed that even common cereals can become good 
sources of ascorbic acid on germination, the rate of increase during germination 
being of the same order as that observed in leguminosae. 

The production of ascorbic acid is dependent to some extent upon the nature 
of the seed and the conditions of germination. It has been shown that Mung 
(green gram) gives greater synthesis of ascorbic acid as compared to other cereals 
imder identical conditions. The effect of environmental factors such as light, pli, 
temperature has been studied by a number of investigators (10-X3). It has been 
observed that light has an appreciable effect upon the synthesis of ascorbic acid 
while lower temperatures which hinder rapid germination and growth tend to 
increase the vitamin C content of the seeds. 

The effect of traces of mineral salts in the nutrient media has' also been 
investigated (14). Manganese appears to form an important link in th'e biosynthesis 
of ascorbic acid from its precursors. 

In aU these investigations the effect of environmental factors has been studied 
using whole seeds for germination. In their classical work. Brown and Harris 
(X 5 ) showed, that the embryos can be excised out of the endosperm and cultivated 
on nutrient solutions. This technique has been used in investigations of the pre- 
cursors of ascorbic acid in metabolising tissues (16). In this investigation 
we have largely used this technique for the study of the effect of different environ- 
mental factors upon the synthesis of ascorbic acid during germination. 
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Effect of light. — In this experiment whole seeds were used and were, allowed 
to germinate in (a) total darkness, (b) shade and (c) in direct sunli^Tit during the 
day. Samples of seeds were removed at different intervals and their vitamiri C 
content estimated by the usual technique. The results are shown in Table I. 

TABLE I 


Action of light in biosynthesis o{f ascorbic acid during germination. 


Name of cereal 

Time of 
germination, 
(days) 

Mg. ascorbic 

acid per 100 g. 
germinated in 

of seed 

Total 

darkness. 

Shade. 

Direct 

sunlight. 

Bengal gram 


2 

... 

46.0 



3 

56.2 

69.1 

118.2 


4 

83.3 

89.8 

128.7 


6 

110.2 

132.6 

186.0 


8 

70.4 

120.1 

230.1 

Mung (Green gram) 


2 

... 

44.0 

... 


3 

163.7 

152.9 

214.2 


A 

165.0 

206.2 

257.1 


5 

190.1 

206.8 

326.0 


9 

161.3 

182.5 

330.0 

Soya bean 


3 

80.0 

71.1 

... 


5 

71.8 

91.1 

70.4 


8 

66.0 

82.4 

82.1 


9 

52.2 

M.8 

44.4 


It would be of interest fo note that both Bengal gram and Mung showed a 
striking increase in ascorbic acid synthesis in the presence of sunlight, while soya 
bean showed practically no difference in the quantity of vitamin C synthesised 
in the presence or absence of light. In the first two seeds the quantity of ascorbic 
acid began to develop markedly after the second day. The amount of ascorbic 
acid in darkness and in shade increased up fo the fifth day, which marked the period 
of maximum synthesis, after which it began to diminish. After the third day the 
primary Iteaves were 'developing noticeably. These bedame green in sunlight, 
while in the shade the}? were greenish yellow and in darkness quite yellow. In 
sunlight ascorbic acid s3mthesis continued up to the eighth day, the end of the experi- 
ment. At this period the amount of ascorbic acid synthesised in sunlight was 
nearly double the maximum value obtained in darkness. Soya bean, on the other 
hand, did not show any marked effect of light. The maximum value was obtained 
after 3 — 5 days. The soya bean seeds used contained 43.2 per cent protein and 
19.5 per cent fat as against 17.1 per cent protein and 5.3 per cent fat for Bengal 
gram, and 24.0 per cent protein and 1.3 per cent fat in Mung. iThe carbo- 
hydrate content of soya bean is thus low and it is possible that the embryo has to 
depend largely upon protein and fat, the assimilation of which is slow. The effect 
of sunlight which is very marked in seeds containing readily assimilable carbo- 
hydrate, is almost negligible in this case. 
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Effect of traces of mineral salts. — ^The stiinuJating effect on the biosynthesis 
of ascorbic add reported by earlier workers was based on experiments using 
germinating whole seeds. As mentioned above in these experiments the embryos 
were excised out of the seed and planted on semi-solid sterile medium made with 
agar agar and Kjiopp’s solution, and two different carbohydrates glucose and 
mannose in 5 per cent concentration. The effect of different concentrations of 
mineral ions was investigated in the above. The technique requires great care for 
the maintenance of aseptic conditions dn the cultures. Fungus and bacterial 
infections occur with great avidity and the results are vitiated in contaminated 
cultures. The results are summarized in Table II. 


TABLE II 


Effect of various mineral ions on the biosynthesis of ascorbic acid in 
green gram embryo cultures. 


mf 


Mg. ascorbic acid per gram of wet 
tissues after 7 days’ growth. 

seedling 

Mineral . ion used 
and concentration . 

Medium 

with glucose. 

Medium 

with mannose. 

Without 

mineral 

ion. 

With 

_ mineral 
ion. 

Without 

mineral 

ion. 

With 

mineral 

ion. 

Cobalt chloride 

.05 per cent 

2..'!0 

1.60 

.1.57 

2.72 

.02 „ 

3.H 

1.71 

3.48 

2.27 

.01 „ 

1.28 

1.24 

2.05 

1.40 

.005 ,, 

0.75 

0.65 

0.81 

0.92 

Boric acid 

.05 „ 

0.75 

' 0.61 

0.86 

0.74 

.02 

0.70 

0.50 

, 0.85 

0.75 

.01 „ 

\.m 

1.6) 

1.90 

2.57 

Manganese chloride 

.05 „ 

3.63 

2.02 

3.09 

2.69 

.02 ., 

0.54 

0.50 

0.55 

0.62 

.01 „ 

1.22 

1.47 

1..50 

1.78 

Calcium fluoride 

.02 „ 

0..50 

0.50 

0.55 

0.56 

.01 

0.02 

0.62 

0.63 

0.63 

.005 „ 

0..52 

0.51 

0.61 

0.60 


Mung was selected for these experiements because in this seed the largest 
synthesis of ascorbic acid has been found to occur during germination. The figures 
shown in Table II are averages of two experiments conducted side by side. It is 
found that larger concentrations of mineral ions actually lowered ascorbic acid 
production. Stimulating effect was noticeable with boric acid in low concentra- 
tions of o.oi per cent and of manganese chloride in concentrations of .02 and .01 
per cent. Calcium fluoride appeared to have no effect at all while cobalt chloride 
was found to be toxic to the development of chlorophyll in the absence of which 
ascorbic acid synthesis is retarded as was also shown by experiments summarized 
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in Table I. The green parts of plants are generally known to be richer in ascorbic 
acid than non-green parts (17-18). 

Effect of chlorophyll, carotenoids and vitamins — In order to investigate further 
the effect of chlorophyll upon the sjmthesis of ascorbic acid in growing plant 
embryos, a sample of pure chlorophyll-a was prepared according to the method 
of Willstatter and dispersed in the medium used for the cultures. Similarly in 
another set of culture media / 3 -carotene was mixed in a fine state of dispersion. 
Pure thiamin chloride was used in another series of experiments. The results are 
shown in Table III. 


TABLE III 


Effect of chlorophyll, fi-carotene and vitamin Bi on the biosynthesis of 
ascorbic acid in green gram embryo cultures. 


Mg. ascorbic acid per gram of wet seedling 
tissues after 1 days’ growth. 


.Substance and 
concentration. 

Medium 

with glucose 

Medium with 

mannose. 

Without 

substance. 

With 

substance. 

Without 

substance. 

With 

substance. 

Chlorophyll-a 

.01 per cent 

0.63 

0.72 

0.64 

0.85 

.003 

0.57 

0.59 

0.75 

0.75 

fl-Carotene 

.004 „ 

0.31 

0.31 

0.83 

0.33 

.002 

0.81 

0.31 

0.33 

0.33 

Vitamin Bj 
.004 

1.19 

'' 1.20 

1.54 

1.52 


The figures ~in the table are averages of the results of two consecutive experi- - 
ments conducted side by side. In the concentrations used and under the condi-_ 
tions of the experiments ^-carotene and vitamin Bi seemed to have no effect on 
ascorbic acid production. Chlorophyll-a in a concentration of o.oi per cent 
showed significantly stimulating effect on the biosynthesis of ascorbic acid. 

Effect of some sugars. — ^This subject is of particular interest because it is 
calculated to throw light on the nature of percursors of ascorbic acid in bios3mthesis 
in nature. Ray (16) was the first to use this technique in ascertaining the nature 
of percursors involved in the process of germination. He found that hexoses, 
particularly, mannose, lead to a moderately high production of ascorbic acid in 
germinafing embryos and serve as a precursor of vitamin C in their tissues. The 
following experiments are essentially a repetition of Ray’s work. In this connection 
reference may be made to the studies of Johnshin and Potter (19) who investigated 
galacturonic acid as a possible precursor for %'itamin C. For making the culture 
media we used agar agar with Knopp’s solution and different sugars in 5 per cent 
concentration. The results are shown in Table IV. 
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TABLE IV 


Effect of different sugars on the biosynthesis of ascorbic acid in green gram 

embryo cultures. 


Sugar. 

Degree of 
growth. 

Mg. ascorbic acid 
per g. wet seed- 
ling tissues after 7 
days’ groivtl). 

Per cent increas- 
ed synthesis. 

Control ivithout any sugar 


o.ei 


Maltose 

+ + + 

1.24. 

103.6 

Mannose 

++ 

1.20 

96.6 

Glucose 

++ 

8.00 

391.8 

Xylose 

+ 

O.TO 

14..8 

Lactose 

+ -1- 

1.05 

72.7 


The figures are averages of the results of two and sometimes three consecu- 
tive experimenfs. Increased s3mthesis of ascorbic acid occurred in practically all 
the cases. The highest figure was obtained in the case of glucose, the next being 
mEdtose and mannose, while relatively smaller increase was found in the case of 
lactose and xylose. 


These experiments cannot be stated to show a definite relationship between 
^iie degrees of growth of the embryos and the synthesis of ascorbic acid. Maltose 
which induced the highest degree of growth was not found to be as good as glucose 
in ascorbic acid production. On the other hand in the case of xylose both growth 
and the synthesis of ascorbic acid were the lowest. 


Conclusions 

/ 

The effect of a number of factors involved in the biosynthesis of ascorbic acid 
in germinating seedlings or embryos of plant seeds has been studied.^ It is found 
that when the seeds are cultivated in light and more so in direct sunlight consider- 
able. increase in the synthesis of ascorbic acid in their tissues occurs. Bengal gram 
and green gram seeds showed over lOO per cent more ascorbic acid when cultivated 
in sunlight, than when grown in darkness. While in darkness or m shade the 
maximum ascorbic acid content was reached in 5 to 6 days, the cultures exposed 
to direct sun during the day continued to increase their vitamin C content for as 
lone as 8 to 9 days, the experiments having been discontinued after the ninth day. 
It was striking to note that soya bean seeds did not show any increase in asco^c 
acid synthesis as a result of exposure to light. This behaviour may be related o 
its high protein and fat content and low content of readily assimilable carbo- 
hydrate. As can be expected there was greater production of chlorophyll in germi- 
nating seeds exposed to direct sunlight. 

The effect of a number of mineral salts in very small concentrations of biosyn- 
thesis of ascorbic acid in plant embryos growing on artificial semi-solid media con- 
taining agar agar Knopp's solution and 5 per cent glucose or mannose, were a*so 
investigated. Larger concentrations than 0.02 per cent seemed to retard th? 
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synthesis, while in lower concentrations of boric acid or manganese chloride an 
increased synthesis was found. Cobalt chloride, however, even in as small con- 
centrations as 0.005 cent retarded both chlorophyll and ascorbic acid synthesis. 
Calcium fluoride appeared to be completely inert in this respect. The effect of the 
addition of chlorophyll, j8-carotene and thiamin chloride to the culture media was 
also investigated. Of these only chlorophyll in a concentration of o.oi per cent 
seemed to have a somewhat augmenting effect. 

The addition _of a number of sugars, both mono and disaccharides to the culture 
media was studied. While relatively small amounts of ascrobic acid are synthe- 
sised by the embiyos in the absence of sugars, all the sugars used increased the 
s5mthesis of ascorbic acid in embryo tissues. The high figures were obtained in 
the case of glucose, malfose and mannose, comparatively lower for xylose and 
lactose. In the case of :^Iose which showed the smallest increase in ascorbic acid 
synthesis the growth of the embryo was also the poorest. 
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A colorimetric method for the estimation of nicotinic acid in biological 
materials involving the use of cyanogen bromide and aniline was described by 
Swaminathan (i). The method is based on the observation of Koenig (2) that a 
cdloured compound is formed when the pyridine nucleus reacts with cyanogen 
bromide and a primary or secondaty aromatic amine. Kdnig pointed out that the 
reaction in any form required the use of cyanogen bromide but in place of aniline 
any other aromatic amine could be used. A number of other workers have pro- 
posed modifications of the cyanogen bromide method based on (i) the use of other 
aromatic amines in place of aniline or (ii) involving the use of different procedures 
for "the preparation of extracts of biological materials for the colorimetric estima- 
tion. j8-Naphthylamine, metol and ^-aminoacetophenone have been employed, in 
place of aniline, by Euler, Schlenk, Heiwinkel and Hogberg (3), Bandier and 
Hald (4), and Harris and Raymond (5) respectively. Bandier and Hald (4), 
chose metol, as according to them it gave a stable colour. Harris and 
Ra5miond (5) pointed out that the intensity of colour obtained with p-smmo- 
acetophenone was greater than that obtained with aniline or metol and hence 
^-aminoacetophenone was preferable to other amines for the reaction. In later 
publications Swaminathan (6, 7) made a critical study of the colour development with 
aniline, / 3 -naphthylamine, ^-aminoacetophenone and metol, and showed that the 
colour reaction could be carried out under four different conditions : (i) in aqueous 
neutral medium at ^H 7, (ii) in aqueous acid medium, (iii) in neutral alcoholic 
medium and (iv) in acid alcoholic medium. It was pointed out that the intensity 
and stability of colour produced with anj- aromatic amine depended upon the con- 
ditions under which the colour was produced. In the present investigation, we 
undertook a detailed investigation of the cyanogen bromide method using still 
different aromatic amines in order to find out the amine giving the colour of maxi- 
mum intensity and stability. The folloAving amines were tested: 
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o-Aminobenzoic acid 
«z-Aminobenzoic acid 
p-Aminobenzoic acid 
Aniline 

Aniline hydrochloride 
^-Amino acetophenone 
/S-Naphthylamine 
^-Toluidine 


w-Toluidine 

/>-Chloroaniline 

Naphthol amino sulphonic acid (1:4) 

Naphthol amino sulphonic acid (2:6) 

Methylaniline 

Hexamine 

Aminosuccinic acid. 


Only the primary aromatic amines were found to give a colour reaction with 
nicotinic acid and cyanogen bromide. Of the amines tested the best results were 
obtained with 5^ per cent aniline hydrochloride solution. The colour remained 
stable for 40 minutes in light and for over 3 hours in the dark. The coloiur was 
more intense than that obtained with metol or aqueous aniline and was approxi- 
mately of the same intensity as that obtained with ^-amifioacetophenone. These 
results confirm the findings of Swaminathan (6. 7}. 

Experimental 


Preliminary experiments. — In a detailed quantitative investigation of the reaction 
undertaken with the object of elaborating a reliable analytical procedure, attention 
had to be paid to all the following several factors; (i) Proportionality of colour 
(verification of Beers’s Law)( (ii) relation of value of nicotinic acid solution 
to the intensity of colour produced, (iii) stability of the colour, (iv) effect of presence 
of inorganic salts and organic compounds to the intensity of colour, (v) effect -of 
temperature, (vi) effect of variations in the quantity of reagents used on the colour 
reaction. 


Proportionality of colour {verification of Beer’s Law). — Varying amounts of 
the standard solution were taken. The colour was produced according to the 
procedure described later using i.o cc. of cyanogen bromide and i.o cc. of the 
amine reagent. The colours obtained were compared and found to be proportional 
for concentrations of 10 to 100 micrograms of nicotinic acid. Beer’s Law was 
thus valid for these concentrations. 

Relation between pH value of the nicotinic acid, solution and intensity of the 

colour produced One cc. of a standard solution of nicotinic acid was taken in 

each of several 100 cc. measuring flasks. To these flasks were added different 
buffers having a range of pH values between 1.2 and 7.8 and the volume in each 
case was made up to 100 cc. i cc. of this solution at different pH values containing 
TOO micrograms was used for the colour reaction by following the procedure described 
later. The results are shown in Fig. i. It is evident that the optimum range 
of the initial solution for the colour reaction lies between 4.5 and 6.0. 

Stability of colour One cc. of the standard nicotinic acid containing 100 

micrograms of nicotinic acid at pH 5-6 was taken and colour was developed by 
using I cc. cyanogen bromide and i cc. of amine reagent. The time taken for the 
colour to attain its maximum intensity was noted and the intensity of the colour 
was determined at frequent intervals, (the solution being kept in diffused light in 
the laboratory). Another experiment was done in a similar’ way but keeping 
the sample covered with a black cloth. The results are shown in Figs. 2 and 3. 
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It is evident from the above results that the colour attains its maximum inten- 
sity in about 5 minutes' and ‘remains stable for over 30 minutes in diffused light and 
for over 3 hours in the dark. 

Effect of presence of inorganic salts and organic substances on colour 
intensity. — Some thirty different salts were tested. These included calcium chloride, 
magnesium chloride^ barium acetate, potassium chloride, sodium chloride, 
potassium sulphate, zinc sulphate, potassium dihydrogen phosphate, zinc 
chloride, sodium orthophosphate, sodium acetate, sodium bicarbonate, potassium 
iodide, potassium orthophosphate, sodium bromide, sodium hydrogen citrate, 
potassium sulphocyanide, manganese chloride,- sodium fluoride, hydrogen 
peroxide, sodium carbonate, calcium lactate, sodium nitrate, ammonium 
chloride, potassium oxalate, lead nitrate, mercuric chloride, sodium bisul- 
phite, sodium metabisulphite. Some of -these were introduced during the prepara- 
tion of extracts for analysis. It was found that the ordinary inorganic salts likely 
to be present in the test solutions do not interfere with the colour reaction. Salts 
like sodium nitrite, potassiurn sulphocyanide and other reducing agents were found 
to interfere in the development of colour, while iodides liberated iodine. 

Similar experiments were performed by adding i cc. of 10 per cent solution 
of a number of organic compounds, e.g., sucrose, glucose, glycerine, urea, phenol, 
and formaline to the nicotinic acid solution before colour development. Of these 
only formaline had an adverse effect on the colour development. - 

Effect of temperature. — ^The colour was found to be rapidly destroyed by the 
rise of temperature to the boiling point. It was more stable below 15° and slightly 
less so at 30®. , , 

Effect of variations in the quantity of reagents used. — ^The optimum quantity 
of cyanogen bromide solution atid the amine reagent was found to be i cc. each. 
Increasing the quantity of the reagents did not’ affect the colour markedly. 

Details' OF the method recommended. 

Reagents required. - ... • 

Standard Stock Nicotinic acid solution. 

I cc. solution containing i mg. nicotinic acid. This should be preserved in a 
refrigerator. . • - ; . ' • ' . ' 

Standard Nicotinic acid solution. ' 

I cc. solution containing 100 micrograms of nicotinic acid, 
pared fresh daily by diluting i cc. of stock standard solution to -lo 

Aniline Hydrochloride solution 5 per cent. 

5 cc. of pare snllJne were taken in a conkaJ flask and Jg cc. of concentrated 
hydrochloric acid (32 per cent) were added to it drop by drop, the flask being 
cooled in ice. Aniline hydrochloride separated. This was dissolved in water and 
was diluted to 100 cc. with water. ' 


This was pre- 
cc. with water. 
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' ’ Cyanogen Bromide Solution - 

This was prepared by decolourising in the cold a saturated solution of bromine 
water by the careful addition of- lo per cent potassium cyanide. The solution was 
kept in an ice bath at 4-5°. 

Cojoui’ reaction. — Standard nicotinic acid solution or a' known amount of the 
test solution (adjusted to 5*6) was taken in a series of test tubes with a 15 cm. 
mark. The solutions were diluted to 10 cc. with wafer and then heated in a 
water bath at 75 — 80° for about 5 minutes. One cc. of cyanogen bromide solu 
tion was then added to each and the mixtures were heated again for 5 minutes 
at 75 — 80°. The test tubes were then cooled in an ice bath for 5 minutes. One 
cc. of the amine reagent was now added to each and the volume of the solution 
was made up to 15 cc. with distilled water. These were kept in the dark 
for 5 minutes for the full development of colour. The colours were compared 

within 15 minutes in a colorimeter. 

This procedure was found to give accurate results using different quantities 
of Brewers yeast and a number of other natural materials. The recovery of pure 
nicotinic acid added to any test materials was almost 100 per cent. Tables I and 
11 are illustrative of the results obtained. 

TABLE I. 


Estimation of nicotinic acid in yeast. 


No. 

Amount* 
of 3 'east 
taken 

(mg) 

Colorimeter reading 
with 40 fig* 
nicotinic acid as 
standard kept at 20°. 

Nicotinic acid 
found, 

Micrograms per g. 

1. 

50 

84.5 

469.0 

2. 

60 

29.0 

470.0 

8. 

70 

25.3 

458.0 

4. 

80 

22.0 

. 455.0 

5. 

90 

19.8 

449.0 

6. 

100 

17.4 

460.0 


TABLE II. 

Recovery of added nicotinic add from ydast. 

No. 

Amount* 
of j-east 
taken 

(ms) 

Amount* 
of nicotinic 
acid added 
(/^g) 

Amount of 
nicotinic acid 
found 

(r-g) 

Amount of 
nicotinic acid 
theoretically 
present. 

Recovery 
Per cent. 

1. 

so 

0.92 

44.1 

43.0 

102.6 

2. 

50 

1.84 

62.1 

63.0 

98.6 

8. 

SO 

2.76 

84.1 

88.0 

101.3 

4. 

SO 

3.68 

102.3 

103.0 

99.8 

5. 

50 

.4.60 

123.8 

123.0 

100.2 


*Larger quantities were weighed each time and made into solution and proportionate 


amounts taken. 
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A few precautions are necessary to obtain accurate results. Standard solu- 
tions should not be kept longer than 3 — 4 days. Cyanogen bromide solution shouiu 
be freshly prepared not more than half an hour before its use and the solution of 
bromine in water used, should be just saturated, not containing any excessive 
amounts of bromide. It is also necessary to adjust the p'H. to 5 — 6. The solution 
must be heated before adding the cyanogen bromide solution to get full develop- 
ment of the colour in the subsequent procedure. 

The colour by the procedure prescribed develops fully in less than 15 minutes. 
The method is therefore advantageous as compared to that of Bandier and 
Hald (4) which require one hour for the maximum development of colour. The 
colour developed by this method is brilliant yellow much more intense than 
obtained by Swaminathan’s or Bandier and Hald’s methods, and is only slightl}' 
less intense than that obtained by the method of Harris and Raymond. The 
stability of the colour is much greater than in any of the other three methods. 

A blank is necessary only when the test solution itself is sulQ^ciently coloured 
to cause a significant error. 


Summary 

A critical study of the cyanogen bromide method was made using different 
amines. A modified procedure is described involving the use of aniline in the form 
of its hydrochloride which has been found to give the best results — giving an in- 
tense colour stable for over 30 minutes. A study has also been made of the various 
factors e.g., pH, presence of inorganic salts and organic compounds, temperature, 
variations in the quantity of reagents, affecting the colour reaction and a proce- 

lure is described which yields accurate and reliable results. 
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Our chemotherapeutic investigations with sulphanilylbenzamide led to the 
preparation of two isomers ^-ethylaminobenzene-sulphonbenzamide (II) (Basu 
and Sikdar, i). The compounds are soluble in alkali, and form sodium and 
silver salts, but do not undergo any further reaction with an alkyl iodide indicat- 
ing thereby that the imide hydrogen atom as present in the above compound (II) 
is fundamentally different from the hydrogen atom as present in the mother com- 
pound — ^sulphanilylbenzamide (i). This chemical inactivity of the compound led 
us further to study its bacteriostatic property and it is' now being found that it 
is not also active bacteriologically (vide infra). This suggests that in order to exert 
its characteristic bacteriostatic activity the compound must possess a free ^-amino 
grouping. Of course compounds are now known (Goetchins and Lawrende, 2) 
which are found to be active inspite of the absence of such an amino group. But 
according to the mechanism of the action of sulphanilamide t57pe compounds as 
proposed by Woods and Fildes (3) the therapeutically active compounds com- 
pete for the essential metabolite i^-aminobenzoic acid. The reactions of 6023^6 
systems are again essentially chemical. As such any change brought out in the 
^-amino grouping of a sulphanilamide type compound may alter its physiological 
characferistics along with the physical properties. Kumler and Daniels (4) 

6 
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suggest that a fundamental factor for activity is the contribution of the resonating 
form with a coplanar group (III) (c/. Bell and Roblin, 5). 


NH, CoH^ SO, NH CO Ph 


(I) 

O 



O - 

(III) 


NH, . Ce . SO, . CH, 
(V) 


Et . NH . C„ H4 SO, NH . CO Ph 
( 11 ) 

S - CH 
I II 

NH, . C^H^ SO„ . N = C CH 

N - CH 

(IV) 

NH, . C, H, SO, . CH, . CO . CH 
(VI) 


If R in the form (III) be an electron repelling, it would differ from the compound 
where R is electron attracting. As in the former case the charge on the amide 
nitrogen would be altered witli the consequence that the ionisation of N'-hydrogen 
atom would be lowered down, and the compound would become less soluble in 
hydrated solvent and at alkaline It may be expected that in order to block the 
enzyme systems that might be present during any bacterial disease the chemothera- 
peutic compound should be present boith in ionic as well as Jn undissociated mole- 
cular form so that it may penetrate through aU the cellular tissues of the host and the 
organism (c/. Clowes and Keltch, 6 ; Lwoff et al, 7). This, is somewhat con- 
tradictory to the general belief that for therapeutic action against intestinal 
organism the 'compounds are to be comparatively insoluble and poorly absorbed 
from the gut. Of course the activity of sulphaguanidine, succinyl sulpha- 
thiazole and phthalyl sulphathiazol are due to the above factors. But 
recent observations of Bose and Ghosh (8) on the activity of sulphanilyl ben- 
zamide against bacillary dysentery organism tend to show that better results may be 
obtained from a idrug that would maintain an effective concentration in blood as 
well as in the intestinal contents. For this the drug must be present both in ionic 
as well as in undissociated molecular form as it is the latter that can penetrate 
through the membrane of the cells of the organism. (Hardy and Watt, 9 ; White 
et al 10). This seems to be more probable in a dysentery infection. In bacillary 
dysentery cases two problems may arise depending upon the severity of infections. 
One is concerned with the Itreatment of mild cases when the bacteria may reside 
chiefly in the lumen of the intestinal tract and the other case may arise when the 
pathogenic bacteria may be present not only in the lumen of the intestinal tract but 
also in the living tissue often covered by muco-purulent exudate as in severe infec- 
tions." Work is in progress to correlate the relative dissociation, absorption and 
therapeutic activity of certain sulphanilamide type compounds. The present paper 
describes only the in vitro activity of certain sulpha compounds (Table I) against 
bacillary dyseritery organism in relation to their acid dissociation constants. The 
Table indicates the milligram of the drug per 100 cc. of culture medium made from 
papain-digesf glucose phosphate meat broth that was necessary for inhibiting the 
growth of the dysentery organism when incubated at 37° for 72 hours. The acid 
dissociation constants were recorded from purified sulpha compounds. 
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Organism used : 
Number of organisms: 
Period of incubation : 


TABLE 1 

Bacillary dysentery, Flexner Y. 
1000 per 5 cc, 

72 hours. 


Figures under column (a) indicate milligram of drug per 100 cc. bringing forth bacte- 
riostasis; and figures under column (h) indicate the pica value as a measure of the acid 
dissociation constant. 


unuG 

(a) 

O’) 

Sulpbanilyl benzamide (I) 

10 

d.27 

Acetyl „ „ 

> 100 

~ 

Sulpbanilyl acetamide 

so 

5.4.5 

Ethyl sulpbanilyl benzamide (11) 

>100 

5.05 

Sulfathiazole 

2 

7.15 

Methylated sulfathiazole (IV) 

10 

8.7 

p-Amino phenyl methyl sulphone (V) 

100 

11.0 

p-Amino phenyl-aceto methyl sulphone (VI) 

20 

9.2 


From the table it is evident that the in vitro activity' bears a close relation- 
ship with the acid dissociation constant <x£ the compound. It is known that in the 
case of methyl derivation of sulfathiazole — (2-sulfanilimido-3-methyl-2 : 3-dihydro- 
thiazole, IV) the activity of the parent compound sulfathiazole is retained to a 
considerable extent in its action against E. CoU whereas the methylation of the imide 
hydrogen with the formation of the compound N'-methyl sulfathiazole practically 
annuls the activity of the thiazole compound (c/. Shepherd, Bratton and Blanchard, 
ii). The N'-methyl compound was not in our hands and as such could not 
be compared but the above dihydro-thiazole (IV) was prepared by treating a suspen- 
sion of silver salt of sulfathiazole in benzene gradually with methyliodide dissolved 
in benzene, for more than an hour on a boiling water bath. The mixture was 
filtered hot, the precipitate washed with dry benzene, and refluxed with alcohol. 
The alcoholic extract was filtered and cooled. The methylated sulphathiazole 
(IV) separated out and was crystallised from alcohol (95 per cent) in microscopic 
needles, m.p. 250-51°. The methylation lowered the acidity of the compound and 
with that its in vitro activity to a considerable extent. 

It may be further rioted from the table that the ^-aminophenylmethylsul- 
phone (V) which is practically a basic compound exerts no in vitro activity. The 
substitution of the hydrogen atom by one electron attracting group (acetyl) in 
^-aminophenylacefylmethylstilphone (VI), however, increases its acidity and its 
antibacterial activity m vitro. Apart from the chemical properties which a drug 
may possess, its ph5^ical properties may play a role in its therapeutic value 
{cf, Gilligan, 12). ’ • 
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Summary 

The in vitro activity of certain sulpha drugs against bacillary dysenterj^ 
organism (Flexner Y) along with their acid dissociation constants was studied. It 
appears that the lowering of the acidity of a sulpha compound bears a direct rela- 
tionship with its antibacterial activity in vitro. It is suggested that although the 
chemical nature of the drug itself is mainly responsible for physiological activ'ty, 
the physical properties such as its dissociation in body fluids, and permeability 
through the cell membranes may pla}? a considerable part in determining its 
chemotherapeutic action. Further work in this direction is in progress. 

In conclusion, the authors wish to express their thanks to Mr. R. P. Banerjce 
for help in ascertaining the acid dissociation constants. 
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While investigating the physiological characteristics of su^hanilyl 
-a compound that ia being found in onr hands to b. an f 
agent in bacillary dysentery infections (i, 3)“-tt . ^i,eration of the 

also possesses a definite anti-pneumococcal activity (2). s e being 

f-amL group in a sulphanilamide type compound to ^ 

iound (4!^ 5) to widen the chemotherapeutic f 

compounds, it was considered to be of ^ interest o ® ^ , -ing the 

mococcal activity of the compound that might e ®_^tue ^ A-amidino- 

amino-group of sulphanilyl benzamide (I) by amidine. e comp g 

benaeuLlphon benzamide (II) has been prepaid and 

Basu (6). The product used in this investigahon was the 

210-211-, Its mother compound ^ami'imt'b““n“olphonam.de hyto*^^^^^ 

(III), m.p. 242-44-, was studied f 'J^f^^^^edTcWty in #-amidino- 
(5). As the -previous authors also noted an enhanced acuv ty v 

phenyl- (IV) as well as ^™7methy^he„y^meft^sn PJ 

Studied in the present mvest^ations. The latte P^ ^-aminomethyl 

most active in vitro against ^ 208°, and methylene bis- 

phenyl-acetomethyl sulphone hydrochloride ( )' 'P Vnund to be practic- 

(^aminomethylpLyl Ul^one)-dihydrochlonde (VII) ^vere found to p 

ally inactive. 

It may be pointed out here that of ^larfanil’ has 

pound /.-aminomethylphenyl Latment of infected wounds parti- 

been found to be a very useful drug m compound 

cularly for highly purulent ckses of chronic sepsis ( 7 J 
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has been previously found by Basu et al (9) to be definitely bacteriostatic against 
Vibrio Cholerae (types; Inaba and Ogawa). All these led us to study the bacterio- 
static activity of the various amidines and sulphones as mentioned above against 
strepto-and staphylococcus organisms. In this study too the compound ^-amino- 
methylphenyl methyl sulphone was found to be the most active agent. In view 
of this characteristic iii^vitro activity, fhe protective action of this compound against 
pneumococcal infection (type I) in mice was studied. The results of all these 
investigations are being recorded in the body of this paper. 


NH, Ct Hx SO, NH CO Ph 
( 1 ) 


NHn 

NH,/ 


C-C, H. SO, NH, 


(III) 


NH 

NH, 


> 


C Cc H4 SO, NH. CO Ph 
( 11 ) 


NH 

NH, 


^C-C, H4. SO, CH, 
(IV) 


NH, cm. Cc He so, CH, 
(V) 


NH, CH, C, H4SO, CH, CO CH, 
(VI) 


NH, CH,. Cc H4 SO, CH, - CH, - SO, C, CH, NH, 

(VII) 

Experimental 

Antibacterial Activity in vitro: — ^The compounds in the form of their hydro- 
chlorides were used. The usual process and technique were followed. Table I 
shows the minimal concentrations, expressed in mg. of drug per 100 cc. of culture 
medium (made from papain-digest-glucose phosphate-meat broth) which prevented 
the appearance of visible growth during 72 hours at 37°. Each recorded value is 
the result from an average of three tests. The number of organisms used were about 
1000 colonies per 5 cc. of broth. 


TABLE I. 



urganism 

I 

II 

III 

IV 

V 

VI 

VII 

Strepto. hxmolyt. 

10 

100 

2 

... 

1 


100 

Strepto. vtridan 

10 

100 

... 

.. 

1 

... 

... 

Staph, aureus 

100 

100 

... 

... 

2 

100 

100 

Pneumo. Type I 

2 

100 

10 

2 

1 

nil 

100 

„ Type II 

10 

100 

20 

10 

0 

nil 

100 

„ Type III 

10 

100 

20 

10 

2 

nil 

100 


From Table I it is evident that compound (V) ^-aminomethylphenyl methyl- 
sulphone is the most active agent. As such its action against pneumococcal infection 
in mice was studied. ’ 



CHE1I0THERA1>EUT1C STUtlY OF FNEUMOCOCCAL INFECTIONS 47 

Chemotherapeidic Action in vivo : — ^The strain of pneumococcus used was a 
rirulent, frequently passaged strain of pneumococcus type I. Approximately 
0.2 cc. of lo-”* dilution of an iS-hrs’ hormone broth culture produced a fatal infection 
in mice. The animals weighing 20-22 g. were used throughout and the technique 
employed in assessing the therapeutic activity of tlie drug (V) was based on the 
drug diet technique, as well as tliat described by Bose, Das Gupta and Basu (3). 
The protection tests were carried out with fairly high infecting doses of organisms, 
and positive controls with sulphapyridine w'ere always kept with negative controls 
in each set of e.xperiments. Treatment was done both by oral feeding, as well as 
by parenteral administration. The results of the investigations are recorded in 
Table TI. ' 


TABLE II. 

\ 

Showing the action of p-aininoniethylpl»enyl mcthylsulphonc against virulent pneumococcal 
Type I infections in mice. All animals infected with a dose of 0.2 c.c. of 10-“ dilution of 
18 hours hormone broth culture of pneumococcus type I. 

Drug-diet therapy started one day previous to infection. Other mode of therapy starting 
on the same day as infection. Weight of mice 18-22 gins. Treatment continued till death. 




N 





Control 

Drug 


Therapy 

No. 

of 

mice 

Survival 
after 11 
days 

Average 

survival 

time 

(days) 

mice with each expt. 
(without drug) 


Mortality 

Average survival 






time (days) 

Marfanil 

1. 

Subcutaneous 
0.25 mg./g. 

10 

0 

2.0 

5/5 

1.0 


2. 

In diet ' 








0.5% 

10 

0 

1.2 

5/5 

0.95 . 

Sulphone 

compound 

3. 

Subcutaneous 

0.5 mg./g. 

10 

0 

1.0 

5/5 

1.0 

(V) 

\ 







4.. 

In diet 

0.5% 

10 

0 

1.2 

5/5 

1.0 


G. 

In diet 

1 p' 

1 A) 

10 

0 

1.8 

10/10 

1.0 

Sulpha- 

7. 

In diet 




5/5 

1.0 

pyrdine 


0.5% 

10 

5) 

12.8 



1.0% 

10 

10 

It.O 

10/10 

1.0 


SttMMAUV 

roteSve action on 
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In conclusion the authors msh to express their sincere thanks to Dr. U. P. 
Basil for his suggestions in the course of the investigations. 
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HALOGENATED ORGANIC INSECTICIDES PART I 

J YOTIRNOY nil A'lTACl I AR YYA 
From Phnrttxaccvtical Ldbomlorih r)cp(irhnvnl of Applied C/iomiafri;, 

Vnioergitp Collcijc of . Scirticr, Colcuila 

(Received for publication, Dc<‘enibpr 12, IDW) 

The success which has resulted in the employment of D.D.T. /)/)-dichloro 
diphenyl trichloroethmie) as an insecticide and bactericidal agent has opened 
up a line of investigation about synthetic organic insecticides. Zeidler (i) 
was the first to record the condensation of chloral and chlorobenzene but the 
value of the product as an insecticide was not realised at the time. In the course 
of the second world war when the supply of pyrethreum and rotenone was cut off, 
attention was directed to the search of synthetic insecticides and in the course of 
this, Zeidler’s preparation was found to be a verj' efficient one. It has been claimed 
that D.D.T. was remarkably useful in bringing under control a severe out-break 
of typhus in Naples after the occupation of that city by the Allied forces. In India, 
the compound has been extensively used for anti-malarial work by the U.S. Army 
Medical Units. In the early part of 1945, it was estimated by competent authorities 
that the yearly requirement of D.D.T. for the armj' would be about 5000 tons. As 
there are no local sources for the manufacture of chloral and chlorobenzene, the 
demand for the armed forces would be met by import. 

In the present communication, the preparation and properties of the compounds 
of the type of D.D.T., where the nuclear chlorine atom has been replaced by other 
halogens, have been described. The condensation of o-nitro-chlorobenzene and 
chloral gave very curious results. When the reaction was carried out according 
to Zeidler’s method, a product was obtained with a m.p. ii4‘’C. But the analytical 
data did not correspond with any known compound and the m.p. is also different 
from that of chloral hydrate. The substance was found to be nitrogen-free and 
its constitution has not yet been finally settled. When, however, the same reaction 
was carried out with fuming sulphuric acid, a product vvith m.p. 85°C was 
obtained. The analytical data suggest the following structure which is supported 
by the formation of a semi-carbazone. 

CHO 


I I I 

Cl 

'\y' NOr \y' NO, 

Cl Cl 

It has been noticed in the course of this work that copious evolution of acid 
fumes takes place duriiig the condensation. If the reaction is limited to the 
elimination of a molecule of water from the two para-hydrogen atoms and the 
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aldehydic oxygen, the evolution of hydrochloric acid gas is somewhat curious. But 
as it appears in the case of o-nitro chlorobenzene, if the reaction consists in the 
elimination of two molecules of hydrochloric acid, the evolution of acid fumes is 
easily explained. It thus appears that two reactions take place simultaneously — 
(i) the elimination of two molecules of hydrochloric acid and (iV) the elimination of 
a molecule of water. In the case of simple halogen substituent products, the second 
reaction is the predominating one while in the case of o-substituted derivatives the 
main reaction takes place according to the first scheme. It is also somewhat curious 
that o-chloro-benzoic acid does not condense, as the unchanged starting material is 
obtained. Acetanilide also fails to react, probably on account of the non-reactive 
character of the para hydrogen atom. 

From some experiments carried out to determine the toxic effectiveness of these 
compounds on Anophaelis larva as compared with D.D.T., it is clear that the nuclear 
halogen atoms are not of any great importance and the activity of this type of 
compounds depends upon the group =CH.C.Cls joining the phenyl radicles. In 
future communications, the following points will be taken for consideration ; 

(t) Increasing the number of nuclear halogen atoms. 

{it) Replacement of the three chlorine atoms in side chain by bromine and 
if possible, with iodine. 

(m) Replacement of benzene nucleus with napthalene or anthracene. 

Experimental 

Condensation of Chloral and lodo-benzene : — Chloral (15 g.), iodo-benzene 
(41 g.), sulphuric acid (95%, 95 cc. or 185 g.) and fuming sulphuric acid (20% 
SO3, 60 g.) were mixed in a three-necked round-bottom flask (1000 cc.) fitted 
with a mercury-sealed mechanical stirrer, a condenser with guard-tube and a 
thermometer. The mixture was stirred vigorously for about 4 hours, the tempera- 
ture being maintained between 50'-6o'C. A red plastic mass separated which together 
wnth the acid liquid was poured over crushed ice and the whole left in a refrigerator 
overnight. The solid was filtered off and the mass washed thoroughly with water. 
The solid was taken in a beaker and hot water was poured into it and the mixture 
stirred vigorously. The clear liquor from the top was decanted off. This was repeated 
thrice. Subsequently the mass was treated with dilute sodium bicarbonate and 
sodium thiosulphate solutions respectively. It was then filtered, washed and pressed 
between filter papers to remove the adhering oil. The whole was then crystallised 
from rect. spirit (charcoal), m.p. ibS'-iby-C. It was again crystallised from acetic 
acid in white glistening needles, m.p. 167-C. Yield of recrystallised product — 
20 g. 

(Found; C-31.86%, H-2.13% ; C.,H,C 1 J= requires 031.07%, H-l.67%) 

Condensation of Chloral and Bromobenzette : — Chloral (15 g-), bromobenzene 
(31 g.), sulphuric acid (95%, 350 g.) and fuming sulphuric acid (20% SO,, 50 g.) 
were treated in the same manner for 4 hours. The solid was filtered off, washed 
with hot water to remove absorbed acid. The crude product was suspended 
in hot water and mechanically stirred to remove any excess of chloral, then pressed 
netween filter papers and crystallised from rect. spirit, m.p. 141-0. 

(Found C-38.60%, H-2.35% ; C«H,ChBr- requires C-37.92%, H-2.70%) 

Condensation of Chloral and o-Nitro-chlorobenzene in presence of cone, sul- 
phuric add : — Chloral (20 g.), o-nitro-chlorobenzene (10 g.) and sulphuric acid 
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(sp. gr. 1.82,120 cc.) were mixed together in 500 cc. conical flask and shaken 
occasionally. The mixture was warmed on a water-bath from time to time. The 
reaction was allowed to proceed for 4 days. At the end of this period the acid liquor • 
together with the separated solid was poured over crushed ice. A brown pasty 
mass was obtained which was vigorously agitated with hot water to remove chloral • 
and absorbed acid, then filtered and pressed. The mass was then crystallised from 
rect. spirit (charcoal) and obtained in w'hite glistening needles, m.p. 114-C. (Found 
C-i9-20%, H-0.98%). The substance was nitrogen-free. 

Condensation of Chloral and o-Nitro-chlorobenzene in presence of fuming Sul- 
phuric acid — Chloral (30 g.), o-nitrochlorobenzene (63 g.), sulphuric acid 
( 95 %> cc.) and fuming sulphuric acid (20% SO3, 100 g.) were mixed in a three- 
necked round-bottom flask fitted with a condenser, a thermometer and a mercury- 
sealed stirrer. The contents of the flask were vigorously stirred for 6 hours at a tem- 
perature of fib’-yO'C. The colour of the liquid changed to red and copious acid 
fumes w'ere given off during the operation. The acid liquid together with the separat- 
ed solid was poured over crushed ice and left in a refrigerator overnight. The solid 
was filtered off, washed with water and dried between sheets of filter paper. The 
crude mass was then crystallised first from dilute alcohol and then from dilute acetic 
acid, m.p. 85-0. 

(Found: C-43.70%, H-2.54%, N-7.63%, Cl-27.31% ; C:.H,O.N=Cl, requires 
C-43.20, H-i.8i%. N-7.20%, CI-27.20%). 

The substance was insoluble in water, acids and alkalies. The analytical data 
suggest the structure given before and this was supported by the formation of a 
semi-carbazone, which was crystallised from dilute methyl alcohol, m.p. i68°C. 
(Found N-15.62% ; CisHioOaNsCh requires N-15.71%). 

Experiments to determine the relative toxic effecUvetiess on anophelis larva 
of some compounds as compared with DDT . — ^These tests were conducted by placing 
an equal number of anophelis larvae in white enamelled pans, containing deep well 
water. Treatment was then applied by adding 5 drops of solution in the respectn'^e 
pans. The drops of solution were released from a hypodermic syringe with a 
needle. No. 25 ; this gives approximately 200 drops per cc. The drops were 
released at about one foot above the water. The area of the water is about 
I. a square feet. 

At various subsequent time intervals the number of larvae still floating on the 
surface of the water were counted and recorded. The larvae that are affected fall 
to the bottom and squirm. A few minutes after they fall they have extreme diffi- 
culty in reaching the surface again, and their condition becomes progressively worse 
as the minutes go by. The majority of them are usualty knocked down in one to 
two hours, and are finally dead after 6 to 10 hours. 

The results are shown in the following tables : — 

^ June 25, ms— 10.30 A.M. 

Kerosene solutions (5% w/v)' 

Larvae left floating. 



Hour 

10.S0 

11.30 

1.30 

2.30 . 



DDT 

70 

70 

37 

9 



N-1 

TO 

70 

42 

•1 

-■ 
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July '!•, 1945—11.30 A.M. 
Kerosene solutions (5% w/v) 
Larvae left floating. 


4 .00 slightly ' more 

Hour 

11.30 

12.30 

2.00 


Those on bottom at 

DDT 

60 

3 

0 

0 

active. 

N-2 

60 

18 

3 

1 



July 7, 1945—11.80 A.M. 





Kerosene solutions (5% 

Tv/v) 





Larvaj left floating. 





Hour 

11.10 

12.30 

2.30 



DDT 

50 

0 

0 



N-S 

50 

26 

9 




July 7, 1945—2.45 P.M. 





Kerosene solutions (5% 

w/v) 





Larvfe left floating. 





Hour 

2.45 

3.30 

4.10 



DDT 

SO 

5 

0 



N-2 

50 

12 

4 




August 29, 19t5— 3.00 P.M. 





Xylene solutions (5% w/v) 





Larvae left floating. 





Hour 

3.00 

4.00 

4.80 

5.00 


DDT 

50 

40 

18 

3 




10 

24 

34. 



pupae 

pupae 

pupae 


N-4 

.50 

46 

24 

21 




9 

22 

.25 



pupae 

• pupae 

pupae 



Knocked down : 






50 

10 

. 18 

18 



50 

4 

4 

4 



August 31, 1915—11.20 A.M. 





■ Xylene .solutions (5% w 

/v) 





Larvae left floating. 





Hour 

11.20 

12.20 

1.20 



DDT 

60 

80 

15 



N-4 

60 

60 

60 



N-1. — Dichlorodiphenyl trichloro-ethane. ■ 

N-2. — Dibromo-diphenyl trichloro-ethane. 

N-3. — Di-iodo diphenyl trichloro-ethane. 

N-4. — bis (3-nitro t-chloro-phenyl) mono-chloracetaldehyde. 

The investigation was carried out under the auspices of the Adair Dutt Research 
Fund Committee. The author’s grateful thanks are due to Dr. S. N^ogi for his 
kind interest in the work and helpful criticism. Thanks are also due to Mr. N. 
Ghose for the micro-analysis of the substances and to S/Sgt. H. S. Chubbs of the 
U.S. Army for the physiological tests. 
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Russel (i) is of opinion that nitrogen must be presented to green plants in the 
form of nitrate in order that it may be further synthesised into a form suitable for 
the needs of animals and atmospheric nitrogen is useless for the purpose. The same 
idea has been put forward by Bayliss {2) thus, “The green plants need no further 
nitrogenous food than nitrates so that the constituents of its proteins which are 
identical with those of animal protein must be formed in the organism itself." 
Howell (3) also says that the plant organism utilises inorganic forms of nitrogen such 
as ammonium salts or the nitrates in building up its proteins. So in order to ascertain 
how far the soil nitrogen is responsible for the formation of proteins by green plants, 
the present work was taken up. 

Experimental 

Bengal gram. (Cicer arietinum) was taken as seeds for growing plants. The 
percentage of nitrogen in dry grams was estimated and thus the protein content was 
ascertained by taking the mean of five estimations. Out of this stock 150 g. were 
taken and divided into 75 equal parts of 2 g. each. All of them were put in 
water in porcelain basins separately ; water was drained out from 50 of these basins 
after 24 hours and the samples were spread out on damp earth and covered over 
with pieces of moist cloth kept moist by sprinkling water from time to time so as 
to allow them to germinate (McCarrison, 4). The remaining 25 samples were kept 
immersed in water throughout the experimental period. On the third day the 
fomer were uncovered and were all found in a sprouting condition. Twenty of them 
were planted in pots measuring 36 square inches in area in a soil taken from a garden 
(previously manured with cattle manure) and the remaining 20 in another series of 
pots of same size containing a soil manured with potassium nitrate, and the plants 
were allowed to grow in them. On every fourth day some samples (usually five) 
were taken out from each of the four groups viz, (t) immersed in water, (n) sprouting, 
{Hi) growing in cattle-manured soil, and (in) growing in nitrated soil, the last two 
being washed carefully so as not to lose any part, the leaves, the stems, or the roots. 
The nitrogen content and the protein content too were ascertained by taking mean 
of five readings in each case,' by the standard Kjeldahl’s method. The 
percentage of nitrogen of the soil too in the pots from which the plants were taken 
out was also estimated on every fourth day so as to find out the loss of nitrogen, if 
any, utilized by the growing plants. 

Table I shows the percentage of nitrogen in the gram (i) immersed 
in water {it) sprouting {Hi) grown on cattle-manured soil and (in) nitrated soil, every 
fourth day for two weeks. 
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TABLE I 


Showing percentage of Nitrogen.* 



In water 

Sprouting, 

Grown, 

on 

' C-M. soil. 

Grou-n 

on 

N. soil. 

In 

C-M. .soil. 

In 

N. soil. 

1st Day 

3-0079 

3-0073 

... 


• .« 

... 

'ItJi Day 

3-1031-2 

3-1949 

3 1 9482 

3-19482 

0-12537 

■ 0-1645 

7tli Day 

.•M9701 


3-23574 

3-2556 

0-11088 


10th Day 

3-1739't 


3-465 

3-2553 

0-112 

0-1512 

l.Oth Day 

3-10859 

... 

3-2725 

3-2632 

0-1032 

0-1478 


* The percentage of .proteins in grams is found out by multiplying tlie percentage of 
nitrogen by 6'25, 



CHART I. 

From the above table and the accompanying charts it is well evident .that when 
gram seeds are immersed inr water the percentage of nitrogen and hence of protein 
rises to some extent till the 7th day and then declines gradually till the 13th day. 
When they are allowed to germinate (4th daj') the content is about i p.c. higher 
than when they are put in water without germination. Next when the sprouting 
seeds were transferred to the soil the percentage of nitrogen (hence of protein too) 
goes higher up to 3-46 p.c. on the loth day (initial one being 3 p.c.) and then comes 
down again gradually to about 3-2 p.c. on the 13th day. Along with this increase 
in the percentages of nitrogen and protein in the sprouting gram, there is only slight 
loss of nitrogen (about 0.012 p.c.) on the 4th day after which the soil retains its 
nitrogen almost at the same level till the 13th day. The sprouting gram in the 
nitrated soil, however, has just the same increase in the percentages of nitrogen and 
protein as those grown in the cattle-manured soil, but later on had constant amounts 
of nitrogen and protein till the X3th da3<- without any further increase. The nitrated 
soil too lost 0-012 p.c. of nitrogen on the 4th day but the percentage of nitrogen in 
the soil manured \vith nitrate remained almost constant later ‘on till the 13th day. 
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In this respect the condition of the cattle-manured soil ran almost parallel to that of 
the nitrated soil when plants were grown in it (Chart II). 



Discussion 

From the above findings we conclude that there is always some gain in nitrogen 
content (and hence protein too) of the gram seeds when they are immersed in water 
or are allowed to germinate on the 3rd or 4th day. There is still further gain up to 
the 7th day, whether the seeds are immersed in water or they are sown in cattle- 
manured or nitrated soil. Later on there is a steady decline in the percentage of 
nitrogen as also that of protein tiU the 13th day in the case of grams still immersed 
in water. Those that were sown in cattle-manured soil had still further increase in 
the nitrogen content (and consequently that of protein too), on the loth day and 
then the curve had a downward course till the percentage was about the same on 
the 13th day as on the 7th day. On the other hand those that were grown on the 
chemically manured soil scarcely showed any increase in nitrogen or protein content 
and maintained a more or less constant level from the 7th to the 13th day. 

The upward tendency of the curves of the percentage of nitrogen in plants grow- 
ing in cattle-manured and nitrated soil from the 4th to the 7th day can be easity 
explained by assuming that the plants derived some of their increase in nitrogenous 
content from the soil as is evident by the simultaneous downward curves of the 
soil nitrogen for both cattle-manured and nitrated soil. But further upward devia- 
tion of the nitrogen curves of plants grown in the former soil on the lotb day or 
again coming down to the former level on the 13th day cannot be explained so easily, 
as the nitrogen curve of the cattle manured soil remained at a constant level all 
throughout without any downward tendency. Curiously enough, the curve of nitro- 
gen of plants growing on nitrated soil also remained at a constant level showing 
thereby no depletion of the soil nitrogen to the plants from the 7th to the 13th day — 
which is corroborated by the curve of soil nitrogen of the chemically manured soil, 
running a parallel course rvith the plant nitrogen curve. These observations throw 
much doubt on the assertion made by Bayliss (2) that green plants need no further 
nitrogenous food than nitrates. Viswanath and Suryanarayana (5) also found that 
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ininera] manure ias not a very good cropping value and is in this respect much 
inferior to cattle-manure. This has also received further corroboration by 
McCarrison’s observations (6) that 'cattle-manure' wheat was of more nutritive 
value than ‘chemical manure’ wheat. 

But neither the upward curve of the nitrogen content of plant grown on cattle- 
manured soil from the 7th to the loth day, nor the upward curve of nitrogen curve 
of germinating gram or that immersed in water can be explained by bringing the 
question of nitrification of the soil. Some other factor must be brought in to 
explain these. They can only be explained if we trace the source of gain in nitrogen 
to the atmospheric nitrogen. That this is possible has been proved by Beijemick (7) 
who showed that bacteria of the soil are able to obtain nitrogen from the atmospheric 
nitrogen. This explains the upward tendency of the curve of the plant nitrogen 
grown on cattle-manured soil but why that comes down again can not be explained. 
Moreover the gain in the nitrogen content of the germinating gram or gram immersed 
in water without germination for the first three days, too cannot be similarly explain- 
ed. Surely the bacteria cannot plaj^ their part in these cases. So some other 
agencies for the depletion of nitrogen from the atmosphere have yet to be found 
out for the full explanation of all the observations detailed above. 

Summary 

(1) Sprouting Bengal gram or gram soaked in water for a few days has more 
protein than dry gram. 

(2) The gram plants derive the gain in nitrogen from that of the soil. In this 
respect the mineral manure is less efficient than cattle manure. 

(3) The increase in the protein content of the plants cannot be explained 
entirely by depletion of nitrogen from the soil unless part of it is derived from the 
atmospheric nitrogen by the help of the soil bacteria. 

(4) The atmospheric nitrogen is alone responsible for the increase in the per- 
centage of protein in the germinating gram and also that immersed in water. How 
this takes place has yet to be explained. 

(5) In the case of nitrated soil the percentage of plant nitrogen did not rise 
at aU after 7th day, possibly because nitrates somehow or other interfered with the 
fixation of nitrogen from the atmosphere by the bacteria (Waksman, 8). When this 
is the case, Abderhalden and Rona (9) advocate addition of little cane sugar to the 
soil to make the inactive bacteria active again. So also Dhar (10) has shown that 
addition of some molasses facilitates nitrogen fixation appreciably in plots and 
dishes containing nitrogenous substances. 
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THE ROLE OF PHOSPHORUS IN THE ANIMAL ORGANISM. 
PART I. INORGANIC PHOSPHORUS CONTENT OF WHOLE BLOOD, 
CELLS AND PLASMA IN HEALTH AND DISEASE. 
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(Received for publication, January 31, 1916) 

For the diagnosis and prognosis of rickets, osteomalacia, osteoporosis, and 
other skeletal diseases, the pathological changes in the blood constituents have 
been investigated by a number of workers in this field. These for the most part 
have remained limited to the study of blood serum calcium, phosphorus and 
phosphatase. At the same time in view of the fact that the tj'pe of rickets com- 
monly found in Europe and America, is due to low phosphorus and high calcium 
diet, the studies carried out on the experimental animals have largety related to high 
calcium and low phosphorus diets and the blood serum analyses have remained 
limited to the determination of inorganic phosphorus in the blood serum or plasma. 
Relatively few workers have paid attention to phosphorus in the cells or investigated 
the question whether cellular phosphorus had any role to play in phosphorus meta- 
bolism under such conditions. 

Brain, Kay and Marshall (i), Stearns and Warweg (2), Barrensheen, Doleshall 
and Popper (3), Snyder and Katzenelbogen (4) have all stated that the quantity 
of inorganic phosphorus present in blood is greater in the plasma than in the cells. 
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Buell (5) could not find any significant amount of inorganic phosphorus in the cells 
and whatever little was traced, was believed to be due to enzymic hydrolysis of the 
organic phosphorus compounds. On the other hand Bloor (6), Freudenberg (7), 
Stanford and Weathley (8), found inorganic phosphorus concentration in the cells 
to be higher than in the plasma or in the whole blood. More recently Behrendt (9), 
by following the method of fractional hydrolysis of the whole blood, and by heating 
the trichloracetic acid filtrate of the whole blood for various intervals of time, 
according to the technique of Lohmann (10) found that the concentration of 
inorganic phosphorus in the cells was equal to or even slightly higher than that in 
the plasma. This confirmed the observations of Euler and Myerback (ii) that for 
guinea-pigs and rats 42 per cent of inorganic phosphorus of the whole blood was 
on the average present in the red cells. 

In view of these somewhat contradictory results, it was decided to study the 
relationship under normal conditions between inorganic phosphorus in the red cells 
and in the plasma or whole blood. For this study healthy students, and members 
of the staff of the Punjab University Institute of Chemistry and patients attending 
the medical outdoor department of the Mayo Hospitals Lahore for minor ailments 
were selected. 

The study has been extended to include the determination of inorganic phos- 
phorus in the blood cells and plasma in a number of pathological conditions. In 
case differences were observed it was intended to investigate if the inorganic phos- 
phorus in the blood serum, whole blood or the cells had any relationship with (a) the 
nature of disease, and (b) with the severity of the condition. 

Method 

For the determination of inorganic phosphorus one cc of whole blood, or one 
cc. serum or plasma was taken and precipitated ^vith 9 cc. of 10 -per cent trichloro- 
acetic acid and left in the ice chest for fifteen minutes. When examining whole 
blood it was treated with 10 per cent trichloroacetic acid within one minute of 
withdrawal. It was found that the small amounts of oxalate required to check 
clotting inMhe case of plasma did not interfere with phosphorus determinations. 
After 15 minutes each sample was removed from the ice chest and filtered through 
Whatman No. 44 ashless filter paper. In the filtrate the determination of inorganic 
phosphorus was made according to a modified method of Holman (13) comparing 
the colours in a Hellege Dubosq Colorimeter. 

Inorganic phosphorus in the cells was calculated from the values of the whole 
blood and plasma or serum using the equation 

X-Y 

where X represents the inorganic phosphorus in the cells, 

Y do do plasma or. serum, 

Z do do whole blood, 

and y represents the volume of the packed cells. 
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The volume of the packed cells was determined by the hematocrit tube method 
using graduated tube of 5 cc capacity with 100 markings, centrifuged at 2500 r.p.m. 
for 30 minutes. 


Normal Cases : 

The results of the examination of the blood of 30 normal adult males, 10 
females, and 10 children are summarized in Table L 




TABLE I 


Inorganic phosphorus content of blood in normal persons. 


No. 


Age of the 
subject in 
years. 


Volume of nig. Phosphorus per 100 cc. 

packed 

cells. Whole Serum. Plasma. Cells. 

% blood. 


AchtU Males. 


1. 

14. 

39 

= 2.40 

3.9 

... 

0.06 

2. 

23 

37 

2.85 


3.8 

... 

3. 

35 

37 

2.40 

... 

3.5 

0.50 

4. 

21 

38 

2.20 

3.4 


0.25 

5. 

55 

39 

2.52 

I.O 


0.21 

6 . 

18 

38 

2.35 


3.5 

0.48 

7. 

48 

37 

2.10 

8.25 

... 

0.15 

8. 

16 

38 

2.21 


3.42 

0.21 

9. 

27 

39 

2.25 

3.,5S 


0.17 

10. 

42 

35 

2.13 

... 

2.95 

0.61 

11. 

20 

38 

2.10 

3.2 


0.31 

12. 

28 

38 

2.27 

... 

3.5 

0.27 

13. 

55 

39 

2.41 

3.65 


0.38 

14. 

24 

37 

2.05 

... 

3.0 

0..57 

1.5. 

35 

36 

1.90 

... 

2.8 

0.36 

16. 

31 

37 

2.07 


2.9 

0.68 

17. 

58 

35 

2.29 

... 

3.58 


18. 

36 

39 

2.48 

... 

1.0 


19. 

18 

37 

2.16 

.. 

3.15 

0.10 

20. 

26 

37 

2.32 


3.5 

0.18 

21. 

19 

38 

2.31 


3.8 


22. 

55 

37 

2.24 


3.18 

0.61 

23. 

56 

39 

2.50 


1.02 

0.22 

24. 

57 

30 

3.31 


3.9 


25. 

25 

39 

2.66 

4.0 


0..57 

26. 

43 

37 

2.29 

3.7 



27. 

61 

37 

2.15 

3.3 


0.20 

28. 

24 

38 

2.65 

4.2 


0.13 

29. 

21 

38 

2.33 

3.68 

... 

0..50 

30. 

22 

39 

2.59 

4.0 


... 
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No. 

Age of the 
subject in 
years. 

Volume of 


mg. Phosphorus per 100 ec. 


cells. 

/o 

Whole 

blood. 

Serum. Plasma. 

Cells. 


Females. 

SI. 

21 

37 

2.10 


3.59 

0.38 

32. 

39 

39 

2.50 

3.7 


0.63 

33. 

22 

38 

2.00 

... 

3.15 

0.13 

31. 

22 

30 

2.60 


3.15 

1.32 

3.5. 

23» 

39 

1.95 

... 

3.0 

0..30 

.36. 

23 

39 

2.18 

3.45 


0.20 

37. 

1.5 

38 

2.12 

... 

3.75 

0.2.5 

38. 

1.5 

39 

2..5.5 

4.25 



39. 

29 

39 

2.50 

3.8 


0.39 

40. 

48 

38 

2.48 

3.95 

... 

0.09 


CJuUhen. 

41. 

5 jM^ 

38 

2.20 


3.4 

0.25 

42. 

3 F 

39 

2.48 

... 

4.1 

... 

43. 

4 F 

39 

2.50 

... 

3.95 

0.24 

44. 

9 M 

39 

2.60 

4.0 

... 

0.41 

45. 

13 M 

37 

2.80 

4.3 

... 

0.06 

46. 

4 M 

38 

2.55 

... 

4.0 

0.09 

47. 

8 F 

39 

2.62 

... 

4.1 

0.05 

48. 

2 r 

39 

2.70 

... 

4.3 

0.20 

49. 

5 M 

88 

2.24 

... 

3.5 

0.19 

SO. 

8 F 

39 

2.43 

4.0 

... 

... 


* ‘M’ denotes Male, and ‘F’ Female, 


The data presented in Table I shows that the inorganic phosphorus content of 
whole blood, with the exception of three cases, varies from 2.05 to 2.85 mg per 
100 cc, while in the plasma the values range from 2.9 to 4.3 mg per 100 cc. The 
value for cellular inorganic phosphorus calculated from the factor varied from 0 to 
0.64 mg, with the exception of only one rather high value of 1.32 mg. It is obvious 
that cells contain none or only very small amount of inorganic phosphorus. 

The volume of packed cells varied more or less uniformly between 35 to 
39 per cent. Only in two cases a somewhat low value of 30 was obtained. Both 
these cases showed low red blood cell count and low haemoglobin values while in 
all other cases these were found to be normal. 

It appears that inorganic phosphorus content of the blood cells of children has 
a tendency to be lower than that of the adults. Behrendt (9) found as much as 
5 mg of inorganic phosphorus per 100 cc. of the cells in children in contrast to the 
values found in this investigation which vary from 0 to 0.41 mg. per 100 cc of the 
cells. It has, however, not been possible to analyse the blood of infants of 2-3 
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months of age as was done by Behrendt. In general the results of this investigation 
confirm the findings of Brain, and Marshall (i) ; Stearns and Warweg (2) ; 
Snyder and Katzenelbogen (4) that most of the inorganic phosphorus of the blood 
is present in the plasma and there is very little if any in the cells. 

Pathological Cases : 

The subjects selected for examination were in patients of the Medical Wards 
of the Mayo Hospital, Lahore. In the selection of patients, care was taken to 
ensure that as far as possible, a correct diagnosis was established after such clinical 
and laboratory examination which could be done under the hospital conditions. 
As the study was likely to be prolonged only such patients were selected which were 
likely to stay in hospital for at least a month. The blood was withdrawn from each 
patient weekly for examination. 

Data showing the inorganic phosphorus content of the whole blood and plasma 
are presented in the following tables (II-VII). 


TABLE II 


Blood inorganic phosphorus in 4 cases of pyrexia of uncertain origin. 


Case No. 


mg. Phosphorus per 100 cc. 


1st Day. 

8th Day. 15th Day. 

22nd Day. 


(a) Whole blood. 


1. 

2.10 

1.92 

2.21 

2.0.) 

2. 

1.90 

2.00 

2.15 

... 

3. 

2.20 

1.85 

2.03 

2.10 

i. 

2.01 

1.85 

2.10 

1.95 


(b) Blood plasma. 





1. 

3.22 

3.35 

3.15 

3.05 

2. 

3.02 

3.14 

3.20 


3. 

3.40 

3.00 

3.1T 

3.08 

4. 

3.14 

2.98 

3.13 

3.02 


Observations recorded in the foregoing table show that the values for the in- 
organic phosphorus of the plasma, as well as those of the whole blood, were found 
to be within normal range. When the inorganic phosphorus content of the cells 
is calculated on the basis of the inorganic phosphorus of the whole blood minus the 

value of inorganic phosphorus in the plasma x the values obtained are very 

small as compared to the corresponding values for the plasma. 
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TABLE III 


Blood inorgmiic phosphorus in liver cases. 





mg. Phosphorus 

per 100 cc. 



1st Day. 

8th Day. 


15th Day. 

22n(l Day. 

Two 

cases of hepatitis. 





(«) 

Whole blood. 






1 . 

2.3.7 

2.67 


2.18 

2 21 


2. 

2..72 

2.41 


2.00 

2.40 

0>) 

Blood plasma. 







1 . 

3..'>2 

3.81. 


3.71 

3.71 


2. 

3.03 

3.75 


3.01 

3.28 

Thri 

'C caf>cs of fhc i 

•irrhosis of the lirer. 





(«) 

Whole blood. 






1. 

2.27 

2.35 


2.18 

2.81 


2. 

2.05 

2.15 


2.00 

2.45 


3 . 

2.82 

2.67 


2.80 

2.76 

(h) 

Blood plasina. 







1. 

3.20 

3.45 


3.45 

3.08 


2. 

3.12 

3.08 


3.00 

3.25 


3 . 

3.55 

3.41 


3..50 

3.81 

Two 

cases of Cancer 

of the liver. 





(«) 

Whole blood. 






I. 

2.18 

2.32 


2.40 

2.45 


2. 

2.25 

2.16 


2.22 

2.37 

('•) 

Blood plasma. 







1 . 

3..')2 

3.65 


3.. 50 

3.00 


2. 

3.82 

3.70 


4-.01 

3.56 

One 

case of airophie 

cirrhosis of the liver. 





(«) 

Whole blood. 






1. 

3.43 

3.25 


8.30 

3.51 

(h) 

Blood plasma. 







_ 1. 

4.20 

4.15 


4.08 

4.32 

One 

case of liver abscess. 





(«) 

Whole blood. 






1. 

2.73 

2.81 


2.05 

2.88 

(!>) 

Blood plasma. 







1 . 

4 ..O 5 

4.20 


3.95 

4.00 

Table III shows that the inorganic phosphorus in the whole blood and plasma 
of the cases described varies within normal range. In one case of atrophic cirrhosis 
of the liver the value for whole blood was repeatedly found to be higher than that 
in the blood of normal healthy people (Table I). This could be ascribed to two 
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causes, (i) It may be due to the reduction of the red blood cells, which commonly 
occurs in cases with the involvement of the liver, (ii) It is well known that in such 
cases blood serum phosphatase is elevated. With increased activity of the enzyme, 
the breakdown of the complex organic phosphate esters is incteased resulting in an 
overall increase in inorganic phosphorus of the whole blood. To maintain the 
osmotic equilibrium between plasma and cells an increase of inorganic phosphorus 
in the cells is likely to occur and this increased inorganic phosphorus content of the 
plasma as well as of the cells leads to phosphaturea, which i.s not uncommonly 
observed in such conditions. 


TAB1,E IV* 


Blood inorganic phosphorus in cases of anaemia. 


Case No. 


mg. Phosphorus 

per 100 cc. 



1st Day. 

lOth Day. 

20th Day. 


30th Day. 

(a) Whole blood. 






1. 

3.80 

3.G2 

3.25 


3.20 

2. 

2.86 

2.95 

2.70 


2.01 

3. 

3.27 

.3.10 

3.05 


2.96 

4. 

3.63 

3.60 

3.35 


3.22 

5. 

3.82t 

3.64 

3.50 


3.42 

6. 

3.71$ 

3.62 

3.48 


3.25 

(b) iUood plasma. 






1. 

4.38 

4.22 

4.28 


4.31 

2. 

3.60 

3.91 

3.62 


3.55 

3. 

4.15 

4.10 

4.02 


3.90 

4. 

4.00 

4',0o 

3.91 


3.78 

5. 

4.20t 

4.12 

4.00 


3.96 

6. 

4.05$ 

3.90 

3.83 


3.85 


yote.— 

* Six cases of ana;mia described liere were studied over a period of six weeks. Liver 
extract therapy was continued during tliis time. 

t This patient had at the time of admission to the hospital, an R.B.C. count of about 
900,000 and volume of packed cells, 10 per cent. 

% This patient had at the time of admission, .an R.B.C. count of 600,000 and volume of 
packed cells 6 per cent. 

.Both patients Nos. 5 and 6 on .admission were given blood tr.ansfnsion, though neither 
of them benefitted by it. 


The above results show an increase in the inorganic phosphorus content of 
whole blood. It was found that as the cell count of the blood decreased, the 
corresponding values for inorganic phosphorus in the whole blood rose. Again 
during treatment of the condition with liver extract as the R.B.C. count rose, 
the 'inorganic phosphorus content of the \vhole blood fell. This observation is 
interesting and can be explained on the phase theory. If the phase containing the 
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lesser amount of the solute diminishes to the corresponding advantage of the phase 
richer in the solute, then the percentage content of the whole with respect of the 
solute concentration, will rise. This is what seems to happen. .When there is loss 
of cells, their place is taken by plasma. 

TABLE V 


Blood inorganic phosphorus of cases of bacillary dysentery. 


Case No. 


mg. Phosphorus per 100 cc. 



1st Daj’. 

8th Daj'. 

loth Day. 

22nd Day- 

(n) Whole blood. 





1. 

I.r2 

1.82 

1.94 

1.99 

2. 

1.58 

1.50 

1.61 

1.65 

3. 

1.86 

1.90 

1.95 

1.96 

(b) Blood plasma. 





1. 

3.10 

3.15 

3.09 

3.20 

2. 

3.32 

3.30 

3.25 


3. 

3.60 

3.41 

3.40 

3.52 

Table V presents somewhat striking data. In these cases the values for the in- 

organic phosphorus of the blood plasma vary more 

or'less within normal limits, but 

the figures for the 

inorganic phosphorus of the 

whole blood are 

unusually low. 

This may possibly be due to the dehydration of the body caused through repeated 

watery motions such as are common in bacillary dysentery. 




TABLE VI 



Blood inorganic phosphorus of cases 

of osteomalacia. 


Case No. 


mg. Phosphorus per 100 cc. 



1st Day. 

8th Day. 

ISth Day. 

22nd Day. 

(a) Whole blood. 





1. 

1.90 

1.85 

1.93 

1.81 

2. 

1.75 

1.80 

1.82 

1.91 • 

(b) Blood plasma. 





1. 

2.65 

2.80 

2.91 

3.00 

2. 

2.55 

2.70 

2.85 

2.92 


Table VI gives values for two cases of osteomalacia. The cases show typical 
deficiency of phosphorus as is evident from the values of blood plasma. The slow 
rise in the level of inorganic phosphorus in the whole blood and of the plasma during 
treatment is the result of vitamin D administration. The relative values for the 
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inorganic phosphorus of the whole blood and the plasma follow the same trend as 
in normal healthy subjects confirming our previous findings, that the greater part 
of the inorganic phosphorus is present in the plasma. 

TABLE VII 


Blood inorganic phosphorus oj/ diabetic acidosis cases. 


Ca>;o No. 


nip. Pliosplior 

us per 100 cc. 


lit Day. 

8th Day. 

IStli Day. 

22nd Day. 

(n) Whole hlood. 





1. 

1.1.3 

1.18 

1.25 

1.40 

2. 

1.1 '1. 

1.15 

1..30 

1.32 

(L) Blood plasma. 





1. 

2.20 

2.30 

2.40 

2.51 

2. 

2.31 

2.36 

2.45 

’ 2.46 


These two cases of diabetic acidosis showed the lowest of all values so far re- 
corded for the inorganic phosphorus of the whole blood as well as the , blood plasma. 
This may have resulted from glycosurea and the resultant diuresis, which drains 
awa}^ the inorganic phosphorus of the blood into the urine. These results also 
confirm the observation of Freudenberg (7) and Behrendt (9). The slow recover}^ 
resulted from constant insulin treatment. 

Conclusions 

The inorganic phosphorus content of the blood of 50 normal cases including 
adult males and females, and children of both sexes showed values ranging from 
2.05 to Z.85 mg per 100 cc for whole blood ; 2.9 to 4.3 mg per 100 cc for plasma; 
and o to 0.64 mg per 100 cc for the red blood cells. It is thus obvious that the 
greater part of the inorganic phosphorus of the blood is contained in the blood 
plasma. 

Some 26 pathological cases were similarly investigated including 4 cases of 
pyrexia, 9 of liver diseases, 6 of anaemia, 3 of bacillary dysentery, 2 of osteomalacia 
and 2 of diabetic acidosis. The results obtained confirmed observations made in 
the case of normal persons namely that most of the inorganic phosphorus of the 
blood is present in the blood plasma. The values in some cases were comparable 
with those of normal individuals but in some conditions the values were abnormally 
high as in cases of anaemia. In others they were found to be very much low as in 
cases of bacillary dysentery for whole blood and both for whole blood and plasma 
in cases of osteomalacia and diabetic acidosis. In anaemia cases it was somewhat 
striking to find that the inorganic phosphorus of blood changed inversely as the 
cell count. As the red blood cell count decreased, the inorganic phosphorus content 
of the blood rose. In osteomalacia the low values can be explained by the general 
depletion of the body in phosphorus. 


3 



±44 


K. B. SfeHftA AND BASHIR AHMAB 


It is well known that acids promote the h3'drol3'sis of organic phosphate esters. 
Freudenberg (7) has observed in vitro e.vperiments that acetic acid and even carbonic 
acid promote the breaking down of the organic phosphate esters. In the state of 
diabetic acidosis a large proportion of the organic phosphate esters appear to get de- 
composed b3f acid hydroh'sis and are removed from the bod}^ b3' the attendant 
gtycosurea and diuresis. 

The authors are indebted to Khan Bahadur Dr. Yar Mohd. Khan, Dr. K. L. 
Wig, and the staff of the Ma3m Hospitals, Lahore, for the various facilities afforded 
throughout the course of these investigations. 
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The phosphorus content of blood in certain pathological conditions e.g., rickets, 
osteomalacia, tetany, hyperparathyroidism and other skeletal diseases has been 
considered to be of clinical importance, but such studies have remained limited 
to the inorganic phosphorus content of the blood serum or plasma. In the per- 
formance of many functions of the bod)/ in which phosphorus is known to play 
a role, it operates chiefly through the medium of organic phosphate esters. Most 
of these organic phosphate esters have been found to be present in the blood cells 
and are associated with such functions as the maintenance of acid-base balance, 
buffer action or mineral reserve for the bones, and the metabolism of carbohydrates. 

Striking changes in the various organic phosphate esters of the blood have 
been observed in animals with rickets by Rapoport and Guest (i). These authors 
have attached importance to the organic phosphate esters in the glycolytic cycle. 
Lohmann (2) observed that the Harden-Young and Neuberg esters as well as other 
phosphate esters were easily hydrolysable with hydrochloric acid after various 
intervals of time at the temperature of the boiling water. Such investigations have 
remained limited for a long time to the study of carbohydrate metabolism. 
Warweg and Steams (3) later found that acid hydrolysis of organic phosphate esters 
from blood filtrates proceeded rapidly for ten minutes, became progressively slower 
until 12 hours, and then continued at a low but constant rate. Behrendt (4) 
utilis’ng the method of Lohmann (2) of fractional hydrolysis of the blood filtrates 
noticed that the intracellular and extracellular organic phosphorus was almost equal. 

This study was started with a view to investigate the relationship if an)- between 
intracellular and extracellular organic phosphorus in the normal organism and under 
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pathological conditions. If such a relationship existed, the variation from the 
normal, in the value of the various phosphate esters may throw light on the severity 
and the progress of recovery in the disease. 

Analyses of samples of blood withdrawn from different persons among the 
members of the staff and student of the Punjab University Institute of Chemistry 
were made to determine the normal values, and 25 samples of blood from patients 
of the Mayo Hospitals, Lahore were examined to investigate the changes which 
may occur under pathological conditions. 

To determine the amount of phosphorus existing in the blood in various organic' 
ester combinations, Lohmann’s method of fractional hydrolysis as modified by 
Behrendt was followed. Trichloracetic acid filtrate of the oxalated blood contains 
in addition to the inorganic phosphorus, the acid-soluble phosphorus of the whole 
blood. The acid-soluble phosphorus consists of adenosinetriphosphate, hexosedi- 
phosphate, hexosemonophosphate, and glycerophosphate. The preformed inorganic 
phosphorus could be directly estimated from the filtrate while esters could be 
hj'drolysed to yield inorganic phosphorus which could then be estimated. Lohmann 
observed that these esters were hydrolysed during various intervals of time at 100°, 
namely within 7 minutes adenosinetriphosphate breaks down to give up its inorganic 
phosphate, and within 30 minutes phosphoric acid bound as hexosediphosphate 
was freed, while after 3 hours all the hexosemonophosphate released its phosphoric 
acid. Even at the end of 3 hours a certain portion of the organic phosphate 
remained unhydrolysed which consisted of glycerophosphates. This furnished a 
ready method of estimating the phosphorus in different ester combinations. Eight 
different fractions of phosphorus can be estimated : — 

(j) Total phosphorus of blood. 

(it) Total acid-soluble phosphorus. 

(Hi) Preformed inorganic phosphorus. 

(iv) Phosphorus present in combination with adenosinetriphosphate. 

(u) Phosphorus present in combination with hexosediphosphate. 

(iv) Phosphorus present in combination with hexosemonophosphate. 

(vii) Phosphorus present in combination with glycerophosphate. 

{viii) Phosphorus present in combination with blood lipids and as nucleic acid. 

Technique. 

22.5 cc. of a 10 per cent solution of trichloracetic acid was placed in a beaker 
and to this were added slowly while stirring 2.5 cc. of whole oxalated blood. 
The solution w’as allowed to stand in the ice chest for 5 minutes after w'hich the 
protein precipitate was filtered through a 9 cm. Whatman No. 44 filter paper. Any 
other brand of an ashless filter paper would be equally suitable. Aliquot parts 
of this filtrate were used for the estimation of the various fractions of phosphorus 
in the blood. 

6 cc. of the above filtrate was taken in a pyrex test tube marked ‘A’ and 
returned to the ice chest. This was used for the determination of preformed 
inorganic phosphorus. 
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To another set of three pyrex test tubes marked ‘B’, 'C', and ‘D’ were added 
3 cc. of the filtrate into each, follo\ved by 3 cc. of N/2 hydrochloric acid. The 
tubes were then tightly closed and placed into a boiling water bath. Tube ‘B’ 
was removed from the bath after 7 minutes, ‘C’ after 30 minutes, and ‘D’ after 
3 hours and were placed into the ice chest immediately after removal. 

Another 3 cc. of the trichloracetic acid filtrate were placed into a 100 cc. 
kjeldahl flask to which were added 5 cc. of lO-N sulphuric acid and 0.5 cc. of 
concentrated nitric acid. The contents were then heated over a naked flame until 
a clear liquid was obtained. Digestion could be completed if necessat}' by the 
addition of a few drops of perhydrol (30% hydrogen peroxide, Merck). The content 
of the flask were cooled under running water and transferred quantitatively to a 
25 cc. measuring flask, rinsing the kjeldahl flask witt as little water as possible. 
To the measuring flask were then added 6 cc. of 5-N sodium hydroxide to neutralise 
partially the excess of sulphuric acid present. After cooling, the solution was made 
to the mark. 6 cc. of this solution was taken into a p5^rex test tube marked ‘E’ 
and returned to the ice chest for the estimation of its phosphorus content. 

Into another Kjeldahl flask 0.5 cc. oxalated whole blood was added and 
digested as explained in the last paragraph. The solution partially neutralised and 
made to 25 cc. 6 cc. of this solution was taken into another pyrex test tube 
marked ‘F’ and returned to the ice chest. 

• The inorganic phosphorus contents of the tubes 'A’, ‘B’, 'C’, ‘D’, ‘E’, and 'F’ 
were then determined according to modified method of Bodansky (6) using 2 cc. 
of acid molybdate solution and 2 cc. of stannous chloride solution and allowing 
30 minutes for ' the colours to develop completely before matching the colours 
with those obtained from standard phosphate solutions in a colorimeter. The 
amount of phosphorus can be read directly from Bodansky’s tables in mg. per 
100 cc. of whole blood for tube ‘A’, while for tubes ‘B’, 'C', and ‘D’, the values 
read were multiplied by 2 ; for ‘E’ the value read was multiplied by 25/3 ; and 
for ‘F’ it was multiplied by 5 to obtain values corresponding to mg. phosphorus 
per 100 cc. of whole blood. 

If Po denotes the amount of preformed inorganic phosphorus, Px the amount 
of inorganic phosphorus after x minutes of hydrolysis, and Pa.s., the amount 
of total acid-soluble phosphorus, then the following will represent the various forms 
of inorganic and organic phosphorus in the blood. 

Po == Original or preformed inorganic phosphorus. 

P7-P0 = Phosphorus derived from adenosinetriphosphate. 

Pjh-Pt = Phosphorus derived from hexosediphosphate. 

P 1*0-P so —Phosphorus derived from hexosemonophosphate. 

Pa.s-Pno = Phosphorus derived from glycerophosphate. 

Total P-Pa.s. = Phosphorus derived from lipid, nucleic acid etc. 

The value obtained for tube 'A’ represents preformed inorganic phosphorus ; 
‘B’ represents Pr, ‘C’ represents Pso, ‘D’ represents Piso, ‘E’ represents Pa.s. and 
‘F’ total phosphorus. The phosphorus content in various ester combinations has 
been calculated in the manner explained above. 
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The results obtained for different fractions for the whole blood of 25 healtlw 
individuals are shown in Table I. 

TABLE I 

Phosphorus content of Blood in Healthy Individuals. 

mg. inorganic phosphorus per 100 cc. of whole blood present as 


No. 

Preformed 

inorganic 

phosphorus. 

i Adenosine- 
triphosphate. 

0 

[E 

0 

0 0 

Ss 

ffic. 

0 

c . 
0 0 

0 2 

°r 

1 -^ C- 

1. 

2.70 

1.10 

1.60 

0.42 

2. 

2.20 

2.30 

1.50 

0.80 

3. 

2.40 

2.02 

1.16 

0.77 

4. 

2.00 

2.82 

1.22 

1.51 

5. 

2.10 

1.66 

0.45 

2.13 

6. 


2.70 

1.05 

0.75 

7. 

2.15 

0.37 

3.14 

0.91 

8. 

2.51 

0.29 

1.46 

0.90 

9. 

2.43 

0.24 

1.35 

0.41 

10. 

1.93 

2.01 

1.33 

1.03 

11. 

2.06 

1.81 

2.34 

1.18 

13. 

2.05 

0.96 

2.01 

2.01 

IS. 

1.88 

1..39 

1.91 

2.13 

14. 

1.92 

' 0.71 

1.10 

1..')2 

15. 

2.02 

0.19 

1.20 

2.39 

16. 

1.75 

1.65 

0.89 

2.35 

17. 

1.88 

1.67 

1.31 

2.66 

IS. 

2.07 

1.91 

0.52 

• 3.60 

19. 

2.00 

1.59 

0.73 

2.62 

20. 

1.92 

1.40 

0.68 

1.91 

21. 

2.20 

1.50 

1.32 

2.71 

22. 

2.16 

1.20 

0.90 

1.95 

23. 

2.05 

1.30 

1.82 

3.05 

21. 

1.98 

2.00 

1.50 

2.10 

25. 

2.10 

1.66 

1.71 

2.38 




&> 

, 

0 ^ 
ft> 'H4 

w V 

>. C 

C'c. 

“3 0 

cr »- 

•"C cr 

X £ 

c 

c 

.£•’0 

c 

'c 

c- 

12.70 

18..50 

17.20 

35.70 

13.20 

20.00 

11.80 

31.80 

11.48 

18.28 

18.02 

36..30 




43.20 

11.11 

17.75 

14. .59 

.32.21 


21.70 

15.55 

.38.25 


22.36 

14.01 

86..37 


19.80 

11.14 

.33.91 

11.27 

15.70 

15.03 

.30.73 

11.08 

18..50 

13.67 

32.17 


22.80 

8.05 

37.85 

15.06 

22.40 

13.50 

35.90 

12.05 

17.30 

... 

... 

12.10 

18.20 

15.25 

33.15 

11.56 

18.20 

14.40 

,32.60 

11.79 

19.31 

15.28 

3). 60 

12.95 

21.05 

11.77 

.35.82 

11.87 

18.80 

13.60 

32.TO 

11.42 

17..36 

15.12 

32.48 

11.81 

19.60 

14.60 

34.20 

10.81 

17.01 

15.69 

.32.70 

11.18 

19.40 

11.20 

.33.60 

10.65 

18.23 

13.85 

.32.08 

10.78 

18.66 

11.69 

.33.35 


The range of variation as well as the mean value for each fraction in the 
different individuals is shown in Table II. 

TABLE IT 

Average value of Blood Phosphorus Fractions in Healthy Subjects. 



’.^"me of Fraction. 

mg. phosphorus per 100 cc. 

of the whole blood. 

Bange. 

Mean. 

1. 

Preformed inorganic phosphorus 

1.88- 2.51 

2.101 

2. 

Adenosinotriphosphate 

0.21- 2.82 

1.472 

3. 

He.\osediphosphate 

0.1,5- 3.14 

1.388 

1 

Hexosemonophosphatc 

0.14- 1.51 

1.891 

5. 

Acid soluble phosphorus. 

15.70-22.80 

19.170 

6. 

Glycerophosphate 

10.65-15.06 

11.8.52 

7. 

Lipid and Nucleic acid 

8.05-18.02 

14.588 

8. 

Total Phosphorus 

80.73-13.20 

.31.928 
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Some of the values are also graphically shown in Fig. I. and for the sake of 
comparison values dbtained by Behrendt (4) are also shown. The values for 
glycerophosphate are found to be the highest of 'all the different esters fractions 
occuring in the blood. In this connection it will be observed that the glycero- 
phosphate is more stable than any other ester. It is possible that this can be 
formed from adenosinetriphosphate, hexosemonophosphate and hexosedisphosphate. 
The break-down of the glj^cerophosphate by the enzyme phosphatase occurs probably 
to a limited extent. Of the total acid soluble phosphorus, nearly two-thirds is 
present as the glycerophosphate fraction. 



Re'.irendt (1912) 


Fig. 1. 



■ Preformed inorganic P. 


cn -•Vdenosinetriphospliate. 



I lexosedipliosphate. 


^////^ Hexosemonophosphate. 


.Acid sohd)le phosphorus. 



Lipid and Nucleic acid P. 


When these figures are compared with those obtained by Behrendt (4) a striking 
difference is observed. The preformed inorganic phosphorus of the whole blood 
obtained in our experiments is very much smaller than that found by Behrendt. 
In the same manner the three unstable fractions viz. adenosinetriphosphate, hexo- 
sediphosphate and hexosemonophosphate are also in much smaller proportion as 
in the case of preformed inorganic phosphorus. 

Somewhat wide variations observed between the maximum and minimum values 
call for an explanation. The samples of blood were drawn at all times, without 
any regard to the interval between the food taken and time of the withdrawal of 
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the blood. This is bound to cause variations. It is well known for example that 
after a fatty meal the lipid content of the blood is considerably increased and 
therefore the samples of blood taken at such a time will give high values for lipid 
and nucleic acid phosphorus. With regard to the differences in the observations 
of Behrendt and ours, it may be pointed out that Belirendt selected only children 
for his study whereas the cases reported by us are all adults. It is also possible 
that climatic and dietary conditions in America which are different from those 
prevailing in India, may cause variations in the values. 

The techniques followed b^^ Behrendt (Fisk and Subbarow, 5) and by us 
(Bodansky, 6), are not likety to result in such wide variations as have been observed. 

Recently extra and intracellular phosphorus determinations have been reported 
by Snyder and Katzenelbogen (7) who carried out the estimation by gravimetric 
analysis, using Hald’s (8) blood ashing technique. They found that nearly all 
the inorganic phosphorus of the blood was present in the plasma. In two cases 
only they recorded values for inorganic phosphorus in the cells which they described 
as “traces” or “doubtful”. 

Cases of Anamia. 

The result of fractional analyses of phosphorus compounds in the blood of 
16 cases of anaemia are shown in Table III. 

TABLE III 

Phosphorus content of Blood in cases of Ancemia. 


mg. inorganic phospliorus per 100 cc. of wliole blood present ns 









0 

reformed 

organic 

losphorus. 

0 

0 a 
c ^ 

If 

-if 

0 

3 

s 

0 0 

2 2 

6 

1 ° 

2 g- 

0 2 

1- 

0 CI4 
^ w 

>. 0 

eid soluble 
liosphorus. 

ll ' 

rn 

c 

c: 

0 

&- 

c 



W.P. 







1. 

2.89 

0,18 

1.56 

1.26 

14.89 

20.83 

10.37 

31.20 

2. 

3.08 

0.33 

0.33 

3.50 

11.23 

18.45 

8.25 

26.70 


2.8C 

0.55 

0.54 

2.91 

10.89 

17.25 

8.85 

26.10 

4 . 

3.29 

1.53 

1.49 

1.30 

8.52- 

14.60 

14.10 

28.70 

5. 

3.27 

0.50 

0.89 

1.64 

10.53 

16.83 

9.92 

26.75 

. 6 . 

3.02 


0.85 

1.18 

11.30 

16.34 

-5.91 

22.25 

T. 

3.09 

0.07 

1.70 

1.16 

9.82 

15.84 

7.86 

23.70 

8 . 

2.51 

0.68 

1.83 

1.81 

T.89 

14.75 

6.89 

21.64 

9. 

3.22 

... 

0.68 

3.40 

9.0.1 

16. .83 

10.27 

27.60 

10. 

3.43 


.•i.95t 

1.68 

11.84 

20.90 

6.00 

26.90 

11. 

3.80 


1.49t 

2.51 

10.70 

18.50 

7.80 

26.30 

12. 

3.63 


4.r7* 


9.76 

18.16 

... 

... 

13. 

2.52 ' 


2.77* 


8.83 

14.42 

4.08 

18.50 

14. 

3.71 

r 

0.21* 


7.21 

11.16 

8.64 ■ 

19.80 

15. 

8.60 

/ 

4.50* 


8.82 

12.12 

12.68 

25.80 

IG. 

4.15 ^ 

/ 

0.85* 


5.21 

10.21 

8.79 

19.00 


t Represents total value for adenosinetriphosplinte, and liexosedipliospbate. 

■* Represents total value for adenosinetripliospbnte, hexosedipliospliate, and liexosemono- 
pliospliate. 
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The preformed inorganic phosphorus in the blood of these cases is of the same 
order as in the case of the blood of ansemia patients described in an earlier paper 
(Sehra and Ahmad, 9). The A’alues for adenosinetriphosphate and hexosedi- 
phosphate phosphorus are much smaller than in normal individuals. These being 
easily hydrolysable seem to break down in this condition adding the released 
phosphorus to that of the plasma. . 

Total phosphorus of the blood has been considerably reduced in these cases. 
In some cases values as low as 18-19 per ^00 cc. were found. In different 
cases the total phosphorus content showed rather a wider variation. This was 
also found to occur in the value for glycerophosphate which showed a variation 
from 3.80 to 14.89 mg. per 100 cc. 

Cases of Liver disease. 

It is well known that in patients suffering from diseases with the involvement 
of the liver (Roberts, 10 ; Robinson, 11 ; Kay and Guyatts, 12 ; Sehra, Chopra 
and Mukerji, 13) the blood serum phosphatase Ie\'el is elevated. It was therefore, 
considered pertinent to determine the level of blood plasma phosphatase. Table IV 
shows the result of analyses of the blood from seven pathological cases with the 
involvement of the liver. 


TABLE IV 

Phosphorus content of the Blood in cases of Diseases of the Liver. 


mg. inorganic phosphorus per 100 cc. of whole blood present as 


p 

Plasma 

phosphatase. 

Preformed 

inorganic 

^phosphorus. 

t" 

0 

I 4^ 

« 

2 0 

< IS 

Hcxoscdiphos- 

phate. 

1 

0 

2 0 

S 2 

0 O4 

g 0 

K & 

Glycero- 

phosphate. 

Acid soluble 
phosphorus. 

Lipid and Nucl 
Acid phosphor! 

0 

'E, 

tr 

c 

"c 

Cirrhosis of the liver. 

1. 9.80 1.55 

0.98 

1.44 

2.77 

13.53 

20.25 

9.15 

29.40 

2. 10.20 1.99 

0.37 

1.21 

1.87 

14.29 

19.66 

15.04 

34.70 

.1. 18.80 3.12 

1.02 

1.88 

1.32 

13.16 

21.50 

6.90 

28.40 

Cancer of the liver. 

4. 7.50 1.75 

1.16 

1.62 

3..54 

17.80 

26.00 

15.00 

41.00 

5. 8.00 1.92 


1.21 

1.81 

11.07 

16.04 

... 


Atrophic cirrhosis of the liver. 
fi. 22.00 3.43 1..50 

4.95 

1.68 

13..34 

20.90 

6.00 

26.90 

Liver Abscess. 

7. 7.00 2.73 

0.07 

1.04 

2,63 

10.65 

17.75 

15.59 

.33.70 


The blood plasma phosphatase values were determined by the modified method 
of Bodansky (6). It is of interest to note that the glycerophosphate fraction 
has a tendenc}^ to be higher in these cases, the values for the blood plasma phosphatase 
being also higher. 

4 
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Conclusion 

In this paper the results of estimation of blood phosphorus present as preformed 
inorganic phosphorus, adenosinetriphosphate, hexosediphosphate, hexosemono- 
phosphate, glycerophosphate, in combination with lipids and nucleic acid, total 
acid soluble phosphorus, and total phosphorus are described. The investigation 
covered 50 subjects including normal individuals, cases of anaemia and cases of 
liver disease. 

The results of analyses showed that in normal individuals the preformed 
inorganic. phosphorus of the whole blood varied from 1.88 to 2.54 mg. per 100 cc., 
while the p3nophosphate and hexosemonophosphate were found to vary from 0.24 
to 2.82 and 0.14 to 4.54 mg. per 100 cc. respective!}?. The glycerophosphate fraction 
formed nearly two-third of the total acid soluble fraction. The average values 
for different fractions are found to be Preformed inorganic phosphorus, 2.104 ; 
Adenosinetriphosphate, 1.472 ; Hexosediphosphate, 1.388 ; Hexosemonophosphate, 
1.894 >' soluble phosphorus, 19.170 ; Glycerophosphate, 11.852 ; Lipid and 
Nucleic acid, 14.588 ; and Total phosphorus, 34.928. 

In cases of anaemias the values for preformed inorganic phosphorus are higher 
than those observed in the case of normal individuals and are of the same order 
as were observed earlier in patients of anaemia by Sehra and Ahmad (13). 
The values for phosphorus found in the form of adenosinetriphosphate and hexo- 
sediphosphate are exceedingly low as compared to those found for the blood of 
normal individuals. Total phosphorus of the blood was also found to be considerably 
reduced in these cases. 

In cases' of liver disease no significant differences were observed in the values 
• for various fractions, the value for the glycerophosphate fraction however, had a 
slight tendency to be higher and the total blood phosphorus somewhat lower. The 
values for plasma phosphatase were much higher than known for normal individuals. 
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The early diagnosis of kala-azar has always been a problem of great importance. 
The aldehyde test which depends upon the increase of euglobulin in the serum, can 
be relied upon according to Napier (i) to give a definite and correct diagnosis of 
kala-azar of more than six months’ standing. Chopra’s antimony test though more 
delicate than the aldehyde test is not positive in every case of kala-azar and gives 
positive results in other diseases. The search for parasites by sternal or spleen 
puncture is not a very convenient method for routine diagnostic u'ork. Besides it 
does not give positive results in all cases of kala-azar. 

The diagnosis of Leishmaniasis by complement fixation reaction had been 
carried on with both specific and non-specific antigens. Earlier workers used liver 
extract both from human and canine kala-azar (2) and infected hamster’s spleen (3) 
as their antigens. The preparation of specific antigens for complement fixation test 
from the culture of Leishmania was attempted by Auricchio (4), Ray J. C. (5), 
Zdrodowski and Woskressenski (6) and Da Cunha and Dias (7). Recently Niyogi • 
and Ray (8) found positive complement fixation reaction in kala-azar cases using 
antigen prepared from flagellated culture of Leishmania donovani. 

,Greval, Sen Gupta and Napier (9) reported positive complement fixation re- 
action in kala-azar with Witebsky, Klingenstein and Kuhn antigen prepared from 
human tubercle bacilli. Though the reaction was of high order it was found positive 
in other diseases such as tuberculosis and lepros}? and the physical basis of the re- 
action was stated to be a constituent of the serum which when sufficient in quantity 
also reacted with formaldehyde (9). ' 

It appears that the tests mentioned above have not proved sufficiently specific 
and sensitive for early diagnosis of kala-azar. The present work was undertaken 
with a specific antigen prepared from culture of Leishmania donovani in order to 
find, if possible, a more specific test for the above purpose. 

Preparation of Antigen : 

Several recent strains of Leishmania donovani were cultured in Ra3'’s media 
(10) at 2i°C. An emulsion of 72 hours’ growth of Leishmania was made with 0.25 
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por cent phenol in distilled water. This was matched with Brown’s opacity tube 
No. 8 which was found to contain 8o million organisms per cc. The emulsion was 
kept in a glass-stoppered phial in an incubator at 37 °C for 25 days. The phial 
containing the emulsion was shaken every day for 2 hours in a shaking machine 
having 120 oscillations per minute. At the end of this period the contents of the 
phial were centrifuged and the supernatant fluid was filtered through a filter paper. 
The filtrate was kept in cold and was used as antigen. 

Technique 

In carrying out the complement fixation test for kala-azar, the method No. 4 
of the British Medical Research Compiittee Report (1918) on the Wassermann test 
was adopted with certain modifications. 


I. Reagents : 

A. Antigen — its titration. 

J 


(i) Aiiti-complemeniary power 

Different dilutions of antigen i in 5, i in 10, i in 20 and i in 40 were made 
and tested for anti-complementary activity against one minimum haemolytic dose of 
complement as shown in Table I. The lowest dilution of the antigen in which 
complete lysis just occurred was i in 10. This was taken as antigen dilution for 
the test proper. The method of incubation of the mixture before adding the sensi- 
tised cells as given in the British Medical Research Committee report (1918) 
method No. 4 was modified as follows in order to obtain the optimum results. In- 
stead of keeping ^ hour in room temperature and ^ hour at 37 °C, the mixture was 
kept for I- hour at 37°C and hour at I5°’C and for 5 minutes at room temperature. 

TABLE I 


Tubes. .\utigen. 


c3 

o 

rz C'j 
o 

c .S Saline. 


o 



Sensilisctl 

cell 

Suspcn.sioii. 


1. 

0.25 

CC. 

of 1 

in 

5 

0.25 cc. 

0.25 cc. 

2 

0.25 

cc. 

of 1 

in 

10 

J» 

it 

3. 

0.25 

cc. 

of 1 

in 

20 

it 

it 

1. 

0.25 

cc. 

of 1 

in 

40 

ti 

99 


•=o 


■g », o 

c s V 

c5 50'+- 
B 

JZ o 

s 

® e2 

i; ^ irf .M 

2 s « 
o 
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0.25 cc. 


Left at 
.37 °C for 
i hour 


Readings 
then token. 
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(ii) Hcemolytic activity of the antigen : 

To ascertain that the antigen was not unduly liaemolytic 0.75 cc. of antigen in 
I in TO dil. were incubated with 0.25 cc. of sensitised cells for } hour at 37°C. 
There was no trace of tysis showing that the antigen was not haemolytic in that dilu- 
tion even with three times the dose used for the test. 

(hi) Complement-fixing power of the antigen : 

For determination of the complement fixing power of the antigen high litre 
rabbit’s immune serum against Leishmania donov^ni was used. The immune serum 
was prepared by giving 6 injections of living Leishmania donovani every fourth day 
into the rabbit’s ear vein. The doses were gradually increased from 100 million to 
1000 million organisms. Different dilutions of rabbit’s immune serum were pre- 
pared. .The complement fixing power of the antigen in i in 10 dilution against the 
serum was tested with li- m.h.d. of complement. The end-point was reached in a 
dilution of i in 6000 of the serum. This immune serum gave negative results in 
I in 10 dilution when tested with Wassermann antigen showing the high specificitj' 
of the antigen prepared. 

In this connection it may be mentioned that different lots of antigen were pre- 
pared by other procedures such as extraction with alcohol, ether and acetone. All 
these were found to be lower in complement fixing power than the antigen used as 
determined against the rabbit’s high titre immune serum. An antigen prepared 
with normal saline was found to be highly anti-complementary. 

B. Serum for test : 

The serum was inactivated at 55°C for I hour and was used in a dilution of 
I in 25 as a routine method. With higher dilutions of serum such as i in 50. t in 
TOO and i in 200 tests were carried out for determination of the strength of the com- 
plement fixing power. The complement added was kept steady at ih m.h.d. Sera 
from chronic kala-azar cases though they were positive even in i in 200 dilution 
gave doubtful results when dilutions of i in 5 were used. This was probably due to 
direct haemolytic activity of serum in strong dilution. 

C. Heemolytic system : 

Sheep’s R.B.C. suspension was standardised according to the method described 
by Greval et al (ii). This was so adjusted that seven drops (i drop measuring 
0‘02 cc.) of 6 per cent suspension of sheep’s corpuscles from a Wright’s pipette of 
standard bore gave a direct reading of 51 on Sahli’s haemoglobinometer. 

Sensitisation of R.B.C. suspension — This was made by adding standardised 
R.B^C. suspension to an equal volume of 10 m.h.d. of hasmolysin (i m.h.d. of 
haemolysin giving a titre of not less than i in looo). This was then kept in incubator 
at 37°C for half-an-hour and at I5°C for another half-an-hour. 

Complement— Minimal haemolytic dose of complement was determined without 
using the antigen. Different dilutions of the complement (pooled guineapig sera) 
were prepared. To 0.25 cc. of each dilution was added 0.5 cc. of saline and the 
mi.xture was incubated, as mentioned before at 37°C for i hour, I5°C for ^ hour 
and finally for 5 minutes at room temperature. 0.25 cc, of sensitised cells was then 
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added to each tube and incubated at 37°C for I hour before the results were taken. 
The highest dilution of the complement in which complete lysis occurred was taken 
as i m.h.d. of complement. 

II. The Test : 

In carrying out the test i-| m.h.d. of complement weie used for serum control, 
antigen control and the test proper. Another antigen control was set up with 
I m.h.d. of complement in which lysis should be just complete to show that the" 
anti-complementary activity of the antigen was i m.h.d. of complement. 

The method is shown in the following table. 


A. An ensemble 
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B. Reading of the results : 

(f) Complete inhibition of lysis = - 1 - 

The supernatant fluid was absolutely colourless on next day. 

(iV) Trace of lysis = T 

The supernatant fluid showed a slight tinge of colour on the next day. 

{in) More than a trace of lysis — +.^ The supernatant fluid was" coloured 
but a slight deposit of cells still remained. 

{iv) Complete tysis = - 

+ and T were regarded as positive, + as doubtful'and - as negative. 

Fdr differentiating between + , T and +' the tubes were kept overnight at 
I5°C and readings were taken on the next day when the differences between them 
were brought out better. 
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C. Results are given in the following table. 

TABLE III 

Complement fixation in serum dilution of 


Diseases. 

No. of 

cases. 

1 in 2.) 

1 in .50 

1 in 100 1 in 200 

Kala-azar — 

A. Aldehyde test positive 

17 

+ 

not done 

.‘SO eases 

B. Aldehyde test nega- , 

8 

+ 

+ 

T 


tive, diagnosed on 






clinical grounds and . 






response to antimony 

.1 

-b 

+ 

+ • T 


treatment 

2 

+ 

± 

- - 


Ineliiding Typhoid, 46 — — — — 

^Malaria, Tuberculosis, 

Leprosy, splenic 
anaimia, Cirriiosis of 
liver, lcuka?mia, 

catarrhal jaundice, , 

liver abscess, severe 
anmmia. Heart-failure, 

nephritis, peritonitis, ' 

pleurisy and preg- 
nancy. . 

Remarks 

The complement fixation reaction with the antigen used is highly specific for 
kala-azar and the fact that positive reaction was obtained by this test in cases where 
the aldehyde test was negative would indicate that early diagnosis is possible by 
this method. Further investigations are required to see whether the test is positive 
in other forms of Leishmaniasis as well. In the series of non-kala-azar cases various 
disease group including leprosy and tuberculosis have been excluded even in dilu- 
tion of the serum lower than i in 25. The reaction is highly sensitive. Because 
of the sensitivity and specificity of the reaction both + and T were grouped as 
positive and + as doubtful in the interpretation of the results. 

Summary 

1. A specific antigen for complement fixation reaction in the diagnosis of kala- 
azar, was prepared from flagellated cultures of Leishmania donovani in Ray’s media. 

2. The technique of complement fixation reaction followed was according to 
the No. 4 method of the British Medical Research Committee report (1918) on 
Wassermann reaction with certain modifications. 

3. In 30' cases of kala-azar studied, positive results were obtained in all the 
cases. Negative results were obtained in cases of other diseases. 

4. Sera from cases of kala-azar were generally anticomplementar}^ and had 
direct hjemotytic activity in strong dilutions. So i in 25 dilution of serum was used 
for the test to exclude these two possibilities. 

5. To find out the end point of the reaction the dilution of the serum was 
gradually increased keeping the complement fixed at m.h.d. 


N on -K a ui-a zar — 
4G cases 
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Conclusion 

The complement fixation reaction described in this paper appears to be highty 
specific and sensitive and of great diagnostic value for kala-azar. The test becomes 
positive in early cases of kala-azar when the usual serum tests are negative. It can 
be conveniently employed as a routine test for the early diagnosis of kala-azar. 
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I am deeply sensible of the honour you have done me by asking me to preside 
over the Chemistry Section of the Indian Science Congress this year. I am conscious 
that there are far more qualified individuals who could have discharged the presiden- 
tial responsibility with much greater competence. I have, however, humbly 
accepted this office taking it as a mark of recognition of the importance of biochemis- 
try, food and nutrition in the world of science. 

I hope I shall be pardoned if I say that biochemistrj^ has been a Cinderella of 
the sciences in India and inspite of the fact that the science of food and nutrition 
is probably the most important science concerned with the well-being of the people, 
its recognition so far has been relatively very meagre. Long before this war, all 
these subjects began to be actively pursued in Europe and America and the war 
brought into bold relief the importance of these sciences and of their application 
throughout the world. That food is the first essential of all living things is a truism. 
But the extent to which food, qualitatively and quantitatively inadequate, has 
affected the health of .vast masses of the population began to be realized barely 15 
years ago. Food and nutrition surveys in Britain and America revealed that about 
half the people of these rich countries were not at an optimum level of nutrition 
according to modern standards. Although precise figures are not available for 
India, it would not be a wild guess to say that probabty 80 to go per cent of her 
people are either under-nourished or mal-nourished or both. That we are perpe- 
tually walking on the brink of the precipice was shown when we fell over ffie 
precipice in the tragic year of 1943- A social, political and economic order, which 
has to watch on when millions die of starvation, has obviously long outlived its 
usefulness and become a clog in the wheel of progress. 

In India before the war scientific as well as public recognition of the basic 
importance of food was exceedingly inadequate. In the vast majority of our 
universities and scientific institutions, including medical, there is still no full-fledged 
department of biochemistry and the volume of work on food and nufrition produced 
in India is relatively veiy small compared with that in A.menca, Russia and England. 
I would make here a special appeal for the organisation of departments for these 
studies in all the universities and medical institutions in India and would also urge 
the creation of special institutions devoted to particular subjects like blochemlstr>^ 
nutrition and food-technology. 

* Presidential address by Dr. B. C. Gnba, rh.n., n.-sc., f v.,. to the section of rben.istr,. 
Indian Science Congress, delivered on 3rd Januarj, 191G at aOoa ore. 
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In view of the importance of the science of food I make no apology for taking 
this subject for a brief discussion today. 

The development of science has to be envisaged in both pure and applied aspects. 
To pursue exclusively the applied side ignoring fundamental scientific studies would 
be, as J. J. Thomson once said, like ploughing a field and forgetting to sow the 
seeds. It is true that in this country even what we know about the science of food 
and nutrition has not been applied to any appreciable degree and this is a matter 
which requires the first attention of the Government and the public. But it is also 
true that progress on the applied side, if it is to be maintained on right lines, requires 
that the path should be continuously illuminated by the light of pure research. As 
an example it may be pointed out that in the last century we were thinking mainly 
of the major food constituents — proteins, fats and carbohydrates — in connection 
with human nutrition, now as a result of the discovery of vitamins the applied aspects 
of nutrition have been to a large extent revolutionized. In the last two or three 
decades the recognition, identification and production of vitamins have proceeded at 
an unprecedented speed and these discoveries have proved to be of inestimable 
value during the war-time conditions of food supply. Under Lend-Lease enormous 
quantities of synthetic ascorbic acid have been sent by America to other countries 
of the world where the sources of vitamin C were limited. The production of syn- 
thetic vitamins of the B group has led to the fortification of 8o to 90 per cent, of 
the total bread produced in America. I shall refer to this subject later again. I am 
pointing this out in order to indicate that the fountain of fundamental researches 
must be maintained if the field of applied nutrition is to be kept continuously irrigated. 

Fundamental Studies 

During recent years quite a large number of vitamins of the B-group have been 
recognised and s}mthesised. We have now synthetic thiamin, riboflavin, niacin, 
pyridoxin, pantothenic acid, biotin and f-aminobenzoic acid. Folic acid is consi- 
dered a new vitamin which may be identical with the grass factor, which was indicated 
by the writer in a paper in 1931. Vitamins A and A- and different D vitamins 
have been recognized.- Vitamin C has been synthesised. A new vitamin P has 
been recognized. Vitamin E has been synthesised. The vitamin-like nature of 
certain unsaturated fatty acids is now largely accepted. There is some evidence for 
the existence of new factors, vitamins Bio and Bu (Elvehjem). There is also evi- 
dence of growth-promoting activity for chicks in fish-pressed water which is probabl}' 
not accounted for by known vitamins. Thus the discovery of still more new 
vitamins is in the offing. 

Our progress in the knowledge of the fundamental scientific nature of vitamins 
and particularly their synthesis, which has made some of them readily available, 
have greatly stimulated our understanding of their mode of action. We are now 
aware that a number of the B vitamins are concerned in the enzyme systems 
responsible for biological oxidation. The stages at which the vitamins participate 
in the metabolic process are a little better understood than before in one or two 
cases. The results obtained by S. Banerjee indicate that vitamin' C may be connect- 
ed with insulin secretion w'hich would probably be the first indication of the relation 
between a vitamin and a hormone. The observations of S. Roy in our laboratory 
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indicate that the bio-synthesis of vitamin C in rats involves thiamin and probably 
also riboflavin. Some of the B vitamins and vitamin C would thus appear to hb 
biochemically related. That the path of the bio-synthesis of vitamin C, which is 
stimulated under the influence of narcotics as was shown by King and his co-workers’, 
constitutes probably a diversion of the normal path of carbohydrate metabolism, is 
indicated by the work of B. Ghosh, - S. Roy and S. K. Roy. That vitamin D iS 
concerned in calcium and phosphorus metabolism is well known, but the details of 
the process are not yet completely clarified. The stimulating effect of vitamin E 
on the utilisation of vitamin A has recently been shown by Harris at Rochester, N. Y'. 
The lack of vitamin E has been shown not only to produce sterility but also to pro- 
duce muscular dystrophy. It has been shown that partial deficiency in vitamin 
E is more widespread than has been suspected. Work has been carried out in Prof. 
Elvehjem’s laboratory on the synthesis of certain vitamins of the B group by intesti- 
nal micro-organisms. It would appear that this might be an appreciable source of 
these vitamins to man which would supplement the ingested vitamins. This again 
is worthy of further investigation. Substances which are called anti-vitamins have 
been recognised and it is interesting to see how desthiobiotin is an antagonist to 
biotin. Similarly, riboflavin is antagonised by tsoriboflavin which contains two 
methyl groups in 5, 6 positions instead of 6, 7 positions as in riboflavin. Thiamin 
is antagonised by pyrithiamin and nicotinic acid by j8-acetyl pyridine. The explana-: 
tion suggested for this highly interesting phenomenon is that the anti-vitamins 
compete with the vitamins in relation to the enzyme systems involved in cellular 
respiration. However, the claim by Woolley that glucoascorbic acid is an anti- 
vitamin appears to have been disproved by S. Banerjee. How slight changes in the 
structure of the vitamins convert them into anti-vitamins is indeed a field for inter- 
esting investigation. The relation of certain vitamins like /)-aminobenzoic acid to 
bacterial enzyme systems and the competition of sulphonamide drugs with it, which 
appears to be largely responsible for the anti-bacterial action of sulphonamide drugs, 
has indicated new lines of fruitful study. The above illustrations indicate far too 
briefly the new lines of fundamental vitamin studies, which besides extending our 
bounds of knowledge, will have important repercussions in the field of applied 
nutrition. It is important to recall that even 20 years back we were completely 
ignorant of the mode of the biochemical action of vitamins and now we may at 
least claim to have the glimmering of light on that highly complex question. Wfliile 
I have the feeling that further light will reveal still greater complexity of the problem, 
yet it is no mean satisfaction to reveal a complexity instead of being ignorant of it. 
Doubtless, with the present tempo of progress, complexity will both be revealed and 
unravelled in which I would urge Indian workers to take part. As I have said, 
the implications of these researches in the applied field are also verj^ far-reaching. 

Striking developments have taken place also in other directions. The pheno- 
menon of transmethylation in the tissues and the importance of labile methyl groups 
in certain dietary’’ constituents have been recognised by du'Vigneaud and co-workers. 
Light has been thrown on enzyme systems concerned in the metabolism of amino- 
acids by N. Das, O. Warburg, F. Koegl and others. The phenomenon of transami- 
nation has been discovered largety as a result of the work of Braunstein. The 
dynamics of amino-acid metabolism have been studied by the use of heavy nitrogen 
and heavy hydrogen for labelling the molecules (du Vigneaud, Schijenheimer). The 
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theory, of a dynamic equilibrium between tissue and plasma protein seems now to 
be well. established by the use of the same isotope tracer technique- (Whipple). Re- 
searches have been carried out on the metabolism of fats in a similar wAy by the use 
of deuterium (R. S. Harris). Similarly, b}^ the use of radioactive isotopes, calcium, 
phosphorus and iron metabolism has been sought to be more closely studied and 
mineral metabolism generally has received a good deal of attention including that of 
trace elements. With radioactive iron the very interesting and useful observation 
has-been made that while human beings absorb ferrous iron preferentially, a marked 
preference of ferrous over ferric iron was not observed in the case of dogs, indicating 
a definite species variation in biological reaction. Carbohydrate metabolism still 
continues- to be a subject 'for fruitful studies because of its varied connection with 
proteins', fats, vitamins, hormones an^ tpzymes. 

Work has continued to be carried out on the important question of the human 
requirements of different nutritive factors, including vitamins.. Mitchell makes the 
generalisation "that the body’s primary need for nutrient is for food energy and that 
its need for most of the specific essential nutrients is in proportion to the amount 
of food energy consumed.” The minimum requirement of protein appears to be 
also related to basal metabolism (Terroine-Smuts relationship). However, our 
knowledge about the requirements of nutritive factors is still incomplete and much 
further work needs to be done on this subject as recent researches indicate that the 
requirements of various factors are influenced by the nature and quantity of other 
constituents of the diets. A striking example is the sparing action of fat on thiamin 
as was observed by Lepkovsky and the differential sparing action of different fats 
and oils as was observed by the writer many years ago. The deleterious effect of 
feeding an excess of certain vitamins has also been established including the toxic 
effect of a large consumption of vitamin A. The poisoning of Arctic explorers 
by the- consumption of the liver of polar bears has been traced to its large content 
of vitamin A. 

Interesting observations have recently been made on the alteration of amino-acid 
metabolism in moulds and also of their ability to synthesise vitamins by exposure to 
x-rays. It would appear that the use of radiations of different kinds would in 
future years throw more light on biochemical transformations in protqplasm. This 
should be a line for fruitful study. May I hope that some day we shall be able to 
interpret living phenomena in terms of energy levels and the newer developments 
in atomic physics. 

A passing reference may also be made to the medical -implications of- some recent 
nutritional researches. The use of certain vitamins for the treatment of various 
deficiency diseases is quite well-known. The new vitamin folic acid has been 
claimed to be effective in the treatment of pernicious anaemia. Riboflavin has 
recently been recommended for the treatment of the condition of perleche of which 
however, full confirmation is necessary. The therapeutic effect of .glutamic, acid 
on the treatment of the petit rnal type of epilepsy has been claimed, while it has 
been found, quite ineffective in the treatment of grand mal. ‘ Highly interesting have 
been the obser\'ations of Zimmerman and Ross who claim that incorporation of 
f-glutamic acid in the diet increases the learning ability of rats.' It reduces the time 
required to learn a maze to a 3rd or a 4th of the time needed by the control animals. 
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Glycine as a contrast had no effect. These results are curious considering that the 
diet normally consumed contains glutamic acid in the protein. However, these 
observations would be interesting to our young learners, and if glutamic acid can 
help them before an examination, it will be a tribute to biochemistry! 

Food Technology 

The need of pursuing fundamental researches on biochemistry and nutrition 
has been indicated above. Another line in which our country is far too deficient 
is the applied science of food technologj' including the processing of foodstuffs in 
order to preserve or enrich them. The production of food in our country is not 
adequate if we are to plan nutrition for the people according to the standard pres- 
cribed by the National Research Council of America or even at a lower standard. 
Secondly, a considerable part of our food-stuffs perishes annually because of rodents 
and insects which abound in tropical countries. It has been rough!}? estimated that 
about three million tons of food-grains alone are lost in India owing to daipage by 
rodents, insects and moisture. If we consider all food-stuffs in this country, includ- 
ing such perishable materials as fish, milk, meat, vegetables etc., the extent of our 
loss may be guessed. There is not much value in a "Grow More Food Campaign" 
if a considerable part of the food produced perishes for lack of development of food 
technology in this country. 

Regarding grains the main question is that of drying the grains to a low moisture 
content, preferabty of the order of 8% which makes the grains resistant to insects 
and moulds. This drying is normally carried out in this country in the sun, which, 
while it is rather inexpensive, has got its disadvantages because of the fickleness of 
weather, dust etc. In the West grain-dryers are extensively used for rapid and 
uniform reduction of the moisture content of grain. Once dried, the grain has to 
be stored in proper bins or warehouses so that re-absorption of moisture may be as 
little as possibe. It is obviously no use drying the grain if it is stored later in a 
condition facilitating moisture re-absorption. Fumigation is resorted to frequently 
^ and a number of fumigants have been used, among them more particularly ethylene 
oxide and ethylene dichloride in America. Various inert dusts have been used also 
to prevent insect infestations. In recent months experiments have been carried out 
with D.D.T. and 666 with good results. All these researches have to be activelj? 
pursued as they have a tremendous bearing on the problem of the preservation of 
the food grains in this country. The deterioration of food-grains, particularly during 
the war years, has been most distressing and enormous quantities of such food grains 
have been thereby lost to a people already suffering from want of food. Prof. V. 
Subrahmanyan has made commendable efforts to recondition deteriorated food-grains. 

In Britain in course of the war a national flour was introduced which was 85% 
extraction flour so that more of the B vitamins and iron might be retained. Some 
time back the extraction was reduced to 80 per cent. To this flour was added 
about 0.16% of calcium carbonate so as to fortify the flour with calcium in order 
to counteract the anti-calcifying effect of phytic acid contained in the flour. 

_ In the U.S.A. about 80 to 90 per cent of the bread is being enriched with thiamin, 
riboflavin, nicotinic acid and iron and the extra cost, as Dr. R. R. Williams informed 
me, came to barely -/8/- annas per head per year. 
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A process of "converting” rice has been developed by Huzenlaub b3' which the 
vitamins are driven towards the interior of the grains so that during milling and 
polishing the rice grain does not lose much of its vitamin B factors. The method 
makes the rice harder and, therefore, more resistant to insects. There is also less 
loss due to powdering during the milling process. However, it is not yet clear 
whether this method gives an outstanding advantage over the parboiling process 
which also helps the. vitamins to be retained in the rice grain during the milling 
process and of which Huzenlaub 's process is an improved and mechanised 
modification. 

A method has been developed for fortifying rice with the B vitamins and then 
coating the rice grain in such a manner that during the washing of the rice the 
added vitamins are not leached awa}'. This fortified rice which is called a premix 
may then be mixed with a very large bulk of unfortified rice in order to give a rice 
of high average vitamin content. All these methods are worthy of consideration in 
connection with the development of food technology in this countr)^ so that our 
people may be more adequately fed quantitatively and qualitatively. 

It may be stated in passing that the Ministry of Food specialists have found 
zinc phosphide to be the most effective agent for destroying rodents. 

Among the different methods of food technology, canning, dehydration, freez- 
ing, etc., the freezing technique has made the most headway in America in recent 
years. It is high time that in India refrigeration were extensively established for 
preserving food-stuffs which undergo spoilage by attacks of insects, moulds and 
fungi as well as by autolysis at a higher rate in a tropical climate than in the tem- 
perate climate of the West. The Birdseye quick-freeze technique has been developed 
greatly in the United States. The principle of the method consists in cooling down 
the food-stuffs very quickly to a temperature of the order of — 3o‘’F. and then storing 
the frozen product somewhat below o°F. until the time of consumption. In actual 
practice the factories are located where the raw materials are available. The factories 
quick-freeze the fresh food-stuffs and then put them in warehouses maintained at a 
temperature of o°F. to — i 8 °F. From there they are sent in insulated transport, 
which is cooled inside by some refrigerant, and brought to the consumption centre 
where thej^ are again stored in warehouses at temperatures of o°F or below. The 
retailers obtain their daity supply from these warehouses which they keep in their 
ordinary refrigerators and sell during the day. The development of refrigeration 
process for food-stuffs however, requires a fairly extensive organization. Once this 
organization is achieved, the process is simple. The advantage of quick-freezing 
is that it is the only process whereby the food-stuffs are retained in a condition which 
is practicallj'^ indistinguishable in taste and flavour from the fresh food-stuffs. We 
have tasted haddock which was preserved for three years in such a manner that it 
was not possible to tell it from a fresh haddock when cooked and tasted. On the 
other hand refrigeration of food-stuffs does not save space as dehydration does. 
But canning as an alternative procedure takes even more space. There are several 
methods by which this quick-freezing technique has been applied. 

(i) The Birdseye Process : 

In this process the Birdse3'e multiplate freezer is used which consists of a nurriber 
of super-imposed hollow aluminium plates through which the_ refrigerant is running. 
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These plates are' hydraulically operated so that the distance between them can be 
adjusted. The food^stuffs are wrapped in waxed paper, put in a card-board carton 
and are placed between two hollow plates and then the plates are adjusted so that 
they are brought just in touch with the carton. Freezing takes less than two hours 
after which the food package can be removed and stored in the cold warehouse. 
In recent years mobile units of this type have been built which, complete with every- 
thing, can be moved from place to place if production requirements make that neces- 
sary. This is a process which is extensively used in many fish factories in America. 
For freezing vegetables it is usual to blanch them before quick-freezing to destroy 
the enzymes. 

(2) Blast Freezer : 

In this system a cold blast of air cools down the food-stuffs. The blast is allow- 
ed to go through a chamber containing horizontal coils with fins to facilitate cooling. 
The refrigerant is allowed to flow through the coils and the food-stuffs in trays are 
placed on the coils. Alternatively the food-stuffs in trays can be placed on trucks 
which are moved into a tunnel through which a cold blast is passed. 

(3) Finnegan Tubes : 

These tubes are used particularly for the freezing of fruit juices like orange juice. 
In America ordinarily orange juice is canned or bottled with or without previous 
concentration. But during recent years the method of freezing by Finnegan Tubes 
has been adopted. The cans containing the deaerated orange juice and closed under 
vacuum are placed in inclined tubes through which refrigerated alcohol at approxi- 
mately — 35°F. flows at a high velocity. As the cans pass through the Finnegan 
Tubes under gravity, they come in contact with the cold alcohol and the contents 
of the can freeze very quickly. The frozen juice is considerably more akin to fresh 
juice in taste and flavour on thawing than the ordinary canned or bottled orange 
juice of commerce. 

There are many variations of the above methods. The workers of the Massa- 
chusetts Institute of Technology had kept completely cooked meals in a frozen con- 
dition at — io°F. for a pretty long time. This could be warmed up at the time of 
serving and had not deteriorated appreciably in taste and flavour. 

It should be stated that quick-freezing has been found to be a first class method 
for preserving fish and vegetables. Many fruits also can be quick-frozen, particu- 
larly, straw-berries, goose-berries, cherries etc. But many other fruits would not 
keep well in a quickfrozen condition. For such fruits gas storage, that is to say, 
storage in an atmosphere containing a certain ratio of carbon dioxide to air has been 
found to be ver}'' effective. Under these conditions the respiration of the fruits is 
retarded but not completely stopped. Gas-stored fruits are maintained at a tempera- 
ture at or slightly above the freezing temperature. Apples and pears behave well 
to gas storage and it is probable that mangoes also would do well but the exact 
conditions would have to be worked out. 

Canning is an established process and need not be referred to in detail. In 
recent years they have developed many automatic machineries for the canning 
industr}^ including continuous pressure cookers and pressure coolers. 
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Dehydration has particularly come into prominence during the' war as it is meant 
both for the preservation of food-stuffs and for reducing their volume and weight. 
Dehydration of fish, for instance, would reduce the actual consumable part of the 
fish to only about i/2oth of its original weight. This means considerable saving 
in space which is so important in war-tim(i. Dehydration of vegetables has been 
quite extensively carried out during the present war in this country and also else- 
where. The method consists in putting the washed, sliced and blanched (usually 
in sulphite solution) vegetables on trays which are placed in trucks, which are led 
through tunnels under a blast of hot air. There are tunnel systems of various designs 
in different countries, sometimes using a single counter-current air blast, some times 
a parallel flow air blast and often a combination of the two. The last is the most 
effective. There are methods for compressing some types of dehydrated vegetables 
whereby the space occupied can be further reduced. Dehydrated food-stuffs are 
preferably packed in tins in an atmosphere of nitrogen or carbon dioxide. The 
storage quality of dehydrated vegetables is obviously of great importance and quite 
extensive studies have been carried out on the changes which occur in dehydrated 
vegetables during storage. If there is air there is deterioration. There is also a 
deterioration from the Maillard reaction between reducing sugars and amino-acids. 
The browning thus caused is non-enzymatic. It is usual in dehydration practice to 
blanch the vegetable carefully so that the enzymes which might cause subsequent 
enzymatic deterioration are pretty effectively destroyed. Pre-cooked dehydrated 
vegetables have also been prepared. They reconstitute in water considerably more 
quickly then ordinary dehydrated vegetables. 

Dehydration of fruits is an established industry in the U.S.A. In this country 
in the N.W.F.P. during the present war, fruits like peaches, apricots, plums, pears, 
etc. have been sulphured, sun-dried, washed with water and sulphured again. They 
have been subsequently dehydrated in a tunnel dryer. Straight dehydration of the 
fruits has also been practised recently both in India and in the U.S.A. in which the 
fresh fruits are blanched, sulphured and dried in a tunnel dryer like vegetables. 
This gives a good product of fairly uniform quality if the conditions of processing 
are carefully observed. Experiments are now in progress in the N. 'W. F. P. to see 
if dipping in metabisulphite solution may replace sulphuring. 

Temperature has an important effect on the rate of deterioration during storage 
of dehydrated vegetables and fruits. Therefore, it is desirable that all dehydrated 
food-stuffs should be kept in a cool place if a fairly long storage life is desired. Dried 
fruits, in fact, deteriorate 2.5 times faster for every io°F. rise in temperature. 

Meat has been dehydrated during this war in India, Australia and Argentina. 
The method of producing sliced dehydrated goat’s meat in India is more or less 
similar to that of dehydrating vegetables. Precooked minced meat has been pro- 
duced in Argentina and Australia. 

Precooked minced fish has also been dehydrated on a pilot plant scale which 
gives a quite palatable product in the form of fried fish cakes. I wonder whether 
the shark flesh, which is available in large quantities in the shark liver oil industry 
in India, may not be dehydrated to produce a good protein food. Shark flesh con- 
tains a little urea which unfortunately gives a slight after-taste of ammonia, but 
possibly the urea may be leached out from shark flesh before dehydration. 
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New methods of dehydration have been tried. Fruits, for instance, have been 
dehydrated in America under vacuum at an average temperature of I20°F. to give 
fairly good products. This has the advantage over tunnel drying in that it gives a 
quicker turnover and also there is less heat damage to the fruits. 

Another method is to dry food-stuffs in the frozen condition as plasma is dried. 
This has not yet come into industrial practice because the economics of the process 
so far are against it. But eggs, for instance, which are normally spray-dried give a 
first-class product if they are dried under high vacuum in a frozen condition. The 
flavour is almost like that of fresh eggs, which is hardly the case with spray-dried egg 
powder. Attempts are being made to freeze-dry milk also which is normally spray- 
dried or roller-dried. Freeze-dried milk is considerably better in flavour ancf nutri- 
tive quality than' the other forms of dried milk powder. This method of drjdng 
seems to be a promising line of development particularly for milk and eggs. I have 
seen freeze-dried straw-berries, peas etc., which are also good but so far the cost 
of freeze-dried vegetables has been considered to be too great. It may not, however, 
always be so. 

Another new method of drying has been by heating in oil under vacuum. 
Potatoes, fish, etc. can be dried quickly under vacuum if the)^ are heated in oil. 
This is a method also capable of development in India. The product, however, 
contains always a certain quantity of oil, which probably would not be unacceptable 
for fish and vegetables. 

Radio -frequency energy has also been used for dehydration but so far not with 
industrial success. 

For drying offish, dry -salting is an important process which is fairly extensively 
practised in Europe and America and it is probable that our indigenous method of 
fish drying may be considerably improved in the light of the experience of the dry- 
salting industry. Among all the processes of preservation of fish, dry-salting would 
be the cheapest. But it would not obviously give as good a product as other methods 
of preservation, particularly refrigeration. 

Smoking of fish is also a method of preservation of fish but smoked fish will 
have to be popularised in India if this method has to be developed. 

Dehydration work has gone on so far in America that one could get a complete 
meal from dehydrated food-stuffs including dehydrated icecream and dehydrated 
chutneys. 

While considering alternative processes of preservation, canning, refrigeration, 
dehydration, etc., it is important to remember that they should not be regarded to 
be so much competitive as co-operative as there are circumstances under'-which one 
or other process would be suitable and some times the same factor3' ma}^ carry out 
all the three processes even with the same food-stuffs. The development of food- 
technology in this country on right lines would require considerable planning. 

Under food-technology we may also refer to the production of vitamins and food 
3'east in this country. Enormous quantities of all the important vitamins are now 
being produced particularly in the U.S.A. and it is of great importance that for a 
countr\» like India with a vast mal-nourished population we should produce them 
also in required quantities. The synthetic vitamin industry, however, is bound 
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Up with a basic chemical industry and solvents industr}'. But it is time that the 
development of this industry is considered in detail in connection with the develop- 
ment of related industries so that the production might be economic. 

The method of production of food j^east has been developed by Dr. Thaysen 
and this method has been found to give a good 5deld of food yeast of high nutritive 
value to the extent of 25-30% of the molasses used. Since over four hundred thou- 
sand tons of cane molasses are produced in India annually the production of food 
yeast from a part of this molasses is worthy of consideration. 

In connection with food -processing industries it should be mentioned that the 
development of this industry not only preserves large quantities of perishable food- 
stuffs but it also helps to take off the seasonal gluts, thus making the price even 
throughout the year. At present due to seasonal gluts in, let us say, mangoes, lichies 
or hilsa fish, the prices are often uneconomic to the producer while considerable 
quantities perish because they cannot be sufficiently quickly transported to consump- 
tion centres. At the same time, in off seasons these food-stuffs are either unavailable 
or available at a very high price. An even price throughout the year would be 
good both to the consumers and the producers. 

By-Products of Certain Food-Processing Industries 

As indicated above the development of food industries helps to conserve food- 
stuffs and maintain a more or less even price throughout the year. Apart from these, 
the food industry provides by-products of considerable value which are lost when 
unprocessed foods are consumed in individual homes. For instance, in the canning 
of orange juke in America a number of by-products are obtained. The oranges are 
processed by washing, halving, pressing out the juice mechanically which is deaerat- 
ed under vacuum, flash-pasteurised at igG^F. and then bottled or canned with or 
without concentration under reduced pressure. From this industry the peelings of 
the oranges are obtained which are pressed to give the orange oil which is an im- 
portant flavouring agent. The pulp is preserved in barrels with preservatives for 
preparing squashes. The residue of the orange peelings is dehydrated into a valuable 
stock-feed by drying it in a rotary dryer. There is a proposal to mix it with wheat 
flour also for human consumption. Attempts are also being made to utilise the 
aqueous portion separated from the orange oil. This is being concentrated by a 
triple effect evaporator to a molasses-like substance which is used as a mixture in 
stock-feed. There is also a proposal to ferment it to alcohol or to grow yeast for 
either human consumption or for cattle feed. Pectin is also being produced from 
the peelings. This is a well-known product of considerable value. 

It will be observed from the above that in the orange-processing industry not 
only the orange juice is made available to the consumers in a readily consumable 
condition but it also provides a variety of important by-products which would have 
been lost if the oranges were consumed in individual homes. 

It may be stated in passing that orange juicb has been sought to be concentrated 
by freezing out the water as ice and centrifuging (Krause-Linde process). The 
pro6ess does not seem, however, to have yet been used industrial!}^ in America. Beer 
has also been sought to be concentrated similarly. 
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Another processing industry in which a number of useful by-products can be 
obtained is that of fish. In such an industry the fish is usually filleted and then 
used for canning, refrigeration, etc. The scales are often converted into glue. The 
fish offal including rotten fish is dried in a rotary dryer to give a good protein meal 
for stock and poultry feed. Before drying, the offal is treated with live-steam in a 
horizontal rotary cylinder. The material is squeezed in an expeller which expels 
all the fat-water mixture. This is then separated. The fat is used and the water 
solution is evaporateddn vacuum to give a paste rich in “vitamin B” which is a 
good poultry feed. The livers, if of right qualit}^ are processed for the production 
of liver oil. Shark liver oil is subjected to molecular distillation in America to give 
a very potent vitamin A concentrate. 

It will be seen from the above that a fish-processing industry not only provides 
fish to the consumers in a readily edible condition, which entails practical^ no 
drudgery in the home, but it also provides a number of valuable by-products which 
are lost when whole fish is bought and prepared in individual house-holds. 

Similar remarks apply to meat and vegetable processing industries. 

Food and Nutrition Policy 

Researches on food and nutrition must consistently be applied to the practical 
problem of improving the nutritional level of the people. All scientific work must 
hav e as its goal the increase of the sum of human happiness. Our country is pre- 
eminentl}' one where hardly a fraction of accumulated knowledge has been applied 
in various fields of national welfare. Since nutrition is the first and basic element for 
life and health it should have the highest priority for consideration. It may be 
interesting in this connection to recall the experience of a British medical officer who 
found, curiously, that on remov'ing certain working class families from slums to 
better hygienic quarters the health of their children deteriorated. This apparent 
anomaly was traced to the fact that these families had to spend a larger proportion 
of their income on the rent of their apartments than they had done before and con- 
sequently the monej? available for food was less. The deficiency in food was drama- 
tically felt. As Gowland Hopkins once remarked, among all the environmental 
factors which determine health and vigour, nutrition was the most important. The 
aim of modern civilization should be to achieve the highest standard of health of 
which the individual is capable within the limits set by heredit}^ 

The scientific principles of nutrition have been applied with a great measure of 
success during the recent war in some of the Western countries. In the U.K. ration- 
ing has actually improved the nutritional level of the poorer sections of the popula- 
tion. In fact, it has been stated that the average stature of the British bo}' or girl 
of to day is significantly higher than before the war. This is attributed to the fact 
that the whole organisation for nutrition in England has been run under effective 
scientific guidance. At the beginning of the War, the scientific organisation of the 
Ministr}? of Food carried out an estimate of the food production in calories, protein, 
etc. in normal times and compared it with the nutritional requirements of the people 
of Britain in respect of all the nutritive factors. The next question was to meet the 
deficit from increased home production and from imports. It was decided to stimu- 
late production of energy-yielding food-stuffs like wheat and potatoes in Great Britain 
in order to save shipping space and to import largely; concentrated and protective 
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foods like dried egg powder, milk powder, orange juice etc. Milk was first given to 
children and expectant and nursing mothers, who formed the priority groups, and 
then, if available, to adults. Milk was given free to tens of thousands of children 
and at cheap rates to other children and expectant and nursing mothers. A national 
flour was introduced, as has been mentioned earlier, which was richer in B vitamins, 
iron and calcium than the pre-war flour. Communal feeding was introduced (as 
had been done long ago in the Soviet Union) through factory canteens and through 
the so-called British Restaurants which catered for the public. Cheap meals, nutri- 
tionally balanced under scientific guidance, were provided in these communal feeding 
centres. Special capsules containing vitamins A and D were provided for expectant 
and nursing mothers. Rationing for different age groups was based on nutritional 
considerations and provided optimum nutrition according to modern accepted nutri- 
tional standards. Constant checks were kept on the nutritional status of different 
groups of the population produced by the rationing system and other food and nutri- 
tional' measures. Periodic reports of this status regarding representative groups of 
the British population were regularly received by the Ministry^ of Food which examin- 
ed these reports and kept their administrative measures in constant review in the light 
of these. A group of workers was appointed at the Oxford University to constantly 
•look after the nutritional status of the people from the clinical point of view as affected 
by current rationing and other food measures. 

The way that the Ministry of Food has handled food and nutrition problems 
of the U.K. during difficult times by taking and implementing scientific advice all 
along is an example to many other countries. .All these scientific nutritional 
measures, however, could not have achieved much had not the Government sought 
constantly to grow and import all the food materials that were needed. The produc- 
tion of food in the U.K. increased by over 50% in certain commodities. The policy 
which was principally responsible for both the success of the "Grow More Food 
Campaign" and the stabilisation of the prices of staple food-stuffs was the policy of 
direct subsidy to the food-growers including producers of wheat, potatoes, meat, 
milk etc. In one year alone over two hundred crores of rupees have been given in 
direct subsidy to the food growers. The result has been that more food has been 
produced and the prices of none of the staple food-stuffs have risen higher than 
25% above the pre-war level. Potatoes were sold at London at ij-d. per lb. This 
could not have been achieved by price control decrees alone. Similarly constant 
attention was paid to the importation of concentrated food and protein food. The 
whole food position of the U.K. was under constant review and the Government 
made every effort to see that all the food required for the entire population, both 
cmlian and army, on nutritional considerations was actually^ available to the people. 
The results have shown that the Government by its efforts succeeded in this objective. 

The nutrition policy which has achieved so much success in the U.K. can be 
followed w'ith suitable modifications in this country. The first task is to estimate 
the requirements of food by the people of India in the light of optimum nutritional 
considerations. In an article published in March, 1944 {Science and Culture, 
Vol. IX, p. 375) I had given the following requirements for an adult which may be _ 
considered nearty optimum. The relative proportions of different ingredients of 
this diet may of course be varied w’ithin certain limits and also some variations in 
the nature of the cereals according to local supplies may be permitted ; 
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Utunilled or lightly niillcd rice 

10 07 .. 

Whole wheat 

6 07 .. 

Pulses 

1 oz. 

Sugar 

2 oz. 

IMilk and milk products 

10 oz. 

Fish and meat (or extra milk products for vegetarians) 

1 oz. 

Non-leafy vegetables 

... 0 oz. 

Green leafy vegtables 

... 0 oz. 

Fats and oils 

2 oz. 

Fruits 

... 3 oz. 

Eggs 

one or two 

Such a diet would supply roughly the following nutritive elements; 

Carbohydrate 

■170 g. 

Fat 

73 g. 

Protein 

96 g. 

Calcium 

1.1 g. 

Phosphorus 

2 g. 

Iron 

... 31 mg. 

Carotene 

•I mg. 

A^tamin A 

... 1.6 mg. 

Thiamin 

2 mg. 

Riboflavin 

1 mg. 

Vitamin C 

... 90 mg. 

Calories 

... 2,780 

This would entail an annual production in India of the 

following : 

Cereal grains (mostly rice and wheat) 

60 million tons 

Pulses 

16 „ ,, 

Sugar and “Gur” 

6 j» *» 

Milk 

to ,, ,, 

Fish and meat 

16 ,, ,, 

Nonleafy vegetables 

20 ,, ,, 

Green leafy vegetables 

20 

Edible oils 

T(t 

Fruits 

12 i ,. 

Eggs , ... 

1.5 billion 

Sufficiently accurate statistics are not available about the present production of 

many of these food-stuffs. But it is clear that increased production will be necessary 

in each of these items if these nutritional requirements have 

to be met. It should 

be stated that the diet indicated above does not in several respects come up to the 

standards laid down by the National Research Council of America, which however 

may be a little too high. 


Regarding vitamins, owing to the great developments in 

their manufacture, it 

is now possible to provide synthetic or concentrated vitamins to large masses of the 

population at a reasonable price. The targets of the annual production of vitamins 

in India may be tentatively indicated as below: 


Carotene 

.. 300 tons 

Vitamin A (concentrate) 

150 „ 

Riboflavin 

.300 „ 

Thiamin 

300 „ 

Nicotinic acid 

3,000 „ 

Vitamin C 

7,500 „ 

Calciferol 

.. 1.0 ,, 
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Indian diets arc also usually low in calcium and the following targets may be 
given for the annual production of assimilable calcium and phosphorus compounds 
calculated as calcium and phosphorus 1.2 lac tons and 2 lac tons respectively. 

The above would indicate the lines on which development should take place 
leaving room for readjustment of figures of production. 

The provision of vitamins and minerals in tablets is no longer a subject for 
humorous comment but is already being practised in America and appears to be a 
desirable development from the standpoint of the improvement of the general level of 
nutrition. Calories and proteins are required in fairly large amounts but vitamins 
and minerals are required in relatively small amounts. The last two are also not 
often present in adequate quantities in the food we consume. It is jrossible to pro- 
vide the vitamins and minerals in the form of tablets or capsules. If the major 
portion of the requirements of these food elements can be met from the manufac- 
tured materials, leaving the rest to be provided by the natural diet, it seems entirely 
logical to adopt this system instead of leaving it to chance that the ordinary food 
would provide adequate quantities of these nutritive elements. This may entail a 
slight change in our food habits, but food habits have changed during centuries. 
It should, however, be stated that in spite of the S3mthetic vitamins natural food- 
stuffs are still needed to provide probably still unknown vitamins. But there is no 
reason why we should not take the more important synthetic vitamins daily thereby 
ensuring an adequate supply of these particular substances. The chief aim should, 
however, always be to provide adequate natural food to all people. 

The problem of food before India and also other oriental countries is colossal. 
How ill-fed Asia and Africa are compared with other continents would be indicated 
from the following table taken from Marrack, which gives the distribution of world’s 
food supplies among the different continents: 


Continents 

Food sn])plies 

Europe 

-Asia 

North 

.tnieriea 

Latin 

America 

Africa Oceania 

Cereals and other 
food-stnlTs 

11.2 

•21.fi 

21.1 

5.8 

2.5 1 .« 

Meat 

l.S.T 

r,.r> 

29.7 

11.9 

3.1 3 .r 

Per cent of world's 
population 

2.5.9 

.52.5 

fi.5 • 

5.7 

6.7 .5.5 


It will be noticed that the consumption of practically all food-stuffs in Asia and 
Africa is frightfully small compared with the consumption in Europe and America 
although Asia and Africa are far more populated than the other continents. This 
is indeed a shocking situation. 

Science and technology have placed plenty within the reach of all the people 
of the world. The fact that hundreds of millions of people throughout the world 
are on a low subsistence level is a slur on our civilization which we can remove only 
by establishing a social and political order which will ensure that it is not the income 
of the individual but his physiological needs that will determine the food that he eats. 
Until this social change is brought about, humanitj^ will continue to wander in the 
wilderness, and our long night wll never dawn. 


THE FOOD PROBLEM OF INDIA+ 


It has been estimated that to feed a population of 400 million India needs an 
increase in cereals to the extent of 10 per cent, in pulses to the extent of 20 per cent., 
in fats and oils to the extent of 250 per cent, in fruit 50 per cent, in vegetables 
100 per cent., in milk 300 per cent., and in fish, flesh and eggs 300 per cent. 
These figures are staggering, because first of all these deficiencies have to be made 
up for the proper nutrition of the existing population, and a further increase has 
to be assured to meet the demands of the increasing population. For instance, to 
provide adequate nourishment for a population of 500 million in i960, the production 
of cereals will have to be increased by 37.5 per cent., pulses by 50 per cent., 
fats and oils by 337.5 per cent., milk, fish, flesh and eggs by 400 per cent. With 
such deficiencies in food resources, it is not surprising that the Nutrition Advisory 
Committee have found from the results of actual “surveys of both typical urban 
and rural groups that the calorie intake of some 30 per cent, of families is below 
requirements and that even when the diet is adequate it is almost invariably 
unbalanced, containing a preponderance of cereals and insufficient protective foods 
of high nutritive value.” There cannot be any disagreement on the point that 
“malnutrition promotes a state of ill-health and lower physical efficiency, short of 
actual disease ; which are perhaps more important because more widespread than 
disease itself.” Therefore, the Nutrition Advisory Committee correctly lays stress 
on the fact that “freedom from disease is one thing, abundant health is another” 
and “the goal to be aimed at is the creation of a health}^ and vigorous 
population.” 

Solution of the problem 

The solution of the complex problem of providing adequate food for our popula- 
tion lies in the increase of the supply and, if possible, the decrease of demand. 

On one extreme we have those who maintain that India is greatly over-populated 
and that her food resources have not kept pace with the rise of population and 
are progressively falling short of the minimum requirements and, therefore, “our 
present need is that the growth of population should be checked and even its 
decline welcomed!” They say: “Judged from an}' point of view a check on the 
growth of the population of India is an urgent necessity” (Chand). There can be 
no doubt about the urgency of such an attempt as it would bring about a measure 
of relief and allow scope for adjustment. A stationar}' population for some years 
would avoid “futility and frustration” which the present situation strongl}' suggests. 

* Extracted from the Gener.nl Presidential .\ddress h\ Prof. AI. Af/.nl IIns.nin to tiie 
Thirty-third .Session of the Indian Science Congress, Banpalore, PIK,. 
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However desirable, a check on the growth of population ma}^ be, it is difficult to 
attain. Nevertheless, we may look at this problem from another point of view. 

The United Nations have now accepted the responsibilit}^ for meeting the food 
requirements of all people. Thej' must, therefore, determine the production of food 
and control its distribution. We are already hearing of world’s wheat pools. The 
necessary corollary to this responsibility is that the United Nations will have to 
watch the population trend of various countries. What will be the attitude of the 
nations with a low or controlled birthrate towards another nation with an uncontrolled 
and ver}/ high birthrate? Will not the United Nations Organisation be justified in 
exercising some control over population? Having accepted membership of the 
community of nations, India will have to fall into line with the rest of the world. 
The solution of the population problem is not easy and at an}? rate it will be many 
years before a satisfactory solution can be found. In the meantime an increase in 
population will continue. 

On the other hand there are those who firmly believe that "Nations can live at 
home’’ (Wilcox), and see in the development of the modem science of agrobiology 
the possibility of a manifold increase in the produce from land. The}? claim that the 
problem is not of over-population but of under-development of the natural resources 
and inadequate utilisation of human knowledge to develop these resources. For 
instance, Wilcox places the theoretical limit of the yield of wheat at 171 bushels and 
of potatoes at 1,330 bushels, while the average in U.S.A. is only 8.4 per cent, of this 
'penultimate’ limit in the case of wheat and 8.6 in the case of potatoes. 

Neither the policy of population reduction nor the magic wand of agrobiology 
can bring forth immediate results. The time factor is important. The Bengal 
Famine and insecurity of the food position are clear warnings. A sound policy 
would be to base our programme on the results previously achieved and attempt to 
evolve a scheme of increased food production from existing resources, leaving future 
enhancement of production for the increased population. 

Unfortunately, determining food requirements by calories has produced an 
attitude more in favour of quantity than quality, and this has made it difficult to 
arrive at a scientifically correct food policy. Cereals have assumed unnecessary 
importance at the expenses of 'protective' foods. All those who have studied the 
food problem of India have emphasized this point. Colonel Macay held that with 
a low protein consumption deficiency in stamina, moral and physical, must be ex- 
pected. According to John Russell, the well-balanced diet for India "does not 
require more but less cereal than at present, but it includes more of eveiything else, 
especially vegetables, fruits and milk, and one great need for the food supply is to 
increase the production of these three.’’ He advocated an increase in the yield of 
staple crops so as to liberate land for the cultivation of supplementary foods. India’s 
ill-balanced diet, which has led to extensive malnutrition, is a far more serious 
national problem than any mere deficienc}?' in the quantity of food. The population 
is degenerating in physique and in stamina. How else can one explain the curious 
phenomenon that lakhs died in Bengal without attempting to obtain food by fighting 
for it! To arrive at a correct appreciation of the food situation, it is necessar}? to 
deal witli the various constituents of the diets, and not talk of calories, however 
convenient the slogan may be. 

Let us shake off the cereal mentality and the talk of carbohydrates, fats, pro- 
teins, minerals, vitamins and so on, and make an attempt to evolve a scheme of a 
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'balanced diet' containing as far as possible all the ingredients in their correct 
proportions. 

Requirements of Carbohydrates 

The present position is that over 72 per cent, of the carboliydrates of human 
food are derived from cereals, about 20 per cent, from sugarcane, and the balance 
mainly from pulses. India, with go per cent, of her cultivated area under food- 
crops and 64 per cent, under cereals, is short of rice and is barely self-sufficient in 
other cereals. In spite of an intensive “Grow l\Iore Food’’ campaign, increased 
production has not kept pace with increased demand, and India is seeking imports 
at least at the pre-war level. It does not seem likely that India will obtain rapidly 
enough such a phenomenal rise in her soil fertilit)’, such colonization of vast tracts 
of land, such rapid extension of irrigation, as to make up the existing deficiencies 
• and provide for the future population, from a cropping scheme built round 64 per 
cent, area under cereals. In the circumstances India must produce, per acre, 
quantities of carbohydrates much in excess of what cereals can possibly yield. Be- 
cause, if the required quantities of fuel foods can be produced from a smaller area, 
it would be possible to release land for the increased production of pulses, fats and 
oils, and "protective” foods of vegetable and animal origin, in which India is great- 
ly in deficit. Tubers will satisfj^ this requirement. 

In all countries where the population has increased, cereals have been increasing- 
ly replaced by tubers. For instance, in Germany, area under potatoes is 25 per 
cent, of that under all cereals. In England, it is 17.8 per cent. Even U.S S.R. 
has 17.6 million acres under potatoes. In Java, one of the most thickly populated 
parts of the globe there has been, since 1916, a great increase in the cultivation of 
cassava and sweet-potato.' In many countries of Europe potato shares wit cerea s, 
more or less, on a basis of equality, in the carbohydrate supply of the uman le . 
Even in the United States, in spite of the availability of land, the ration of cereals 
and potatoes in the diet of a household of the lowest income is 79.8 to b 4 - 4 - 


Food Value of Tubers 

As regards their food value: reduced to the same standard of moisture, tubers 
are richer in carbohydrates, mineral matter and calcium than cereals , ^^y 
however, poorer in proteins and deficient in fats. The grea a van age 
over cereals is the yield per acre. If the average yield of rice and ^la 

be taken as 10 maunds per acre (although it is less), and the average yield of potatoe 
be taken as 75 maunds per acre (although it is more than 100 ^ ^ 

yield of various constituents of food will be very much higher m the 

except fat in potato and protein in cassava. _ rnonnAs npr acre is 

With a reasonable standard of cultivation, a yield of 200 maunds J 

not difficult to attain in the case of potato, sweebpo tato and . ^ 

yield the potato wiU provide a quantity of carbohydrates at least four times tha 

wheat, and sweet-potatoes and cassava about five tim^. nrotein con- 

The superio4 of rice and wheat in contrast to tubers ,s ttot h gh P'o*™ 
tent. There seems no reason why India should ^ 

supply from cereals. She must obtain the vanous .ngred.gnts of diet tom si^ur c 

which can be produced most efficiently 

carbohydrates must be obtained mainly tom tubers and cereals possible 
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in equal proportions ; proteins from pulses and animal sources such as milk, fish, 
flesh and eggs ; fats and oils from milk and oil seeds ; minerals, vitamins and other 
ingredients from such sources as supply them most economically. 

In addition to providing large supplies of carbohydrates, minerals, calcium and 
phosphorus per acre, tubers can be used as fodder for livestock, as a source of 
starch for food products, such as biscuits, and a raw product for the manufacture of 
dextrine, glucose and sizing for the textile industry. In these respects they outstrip 
cereals. From the agricultural point of view, they loosen the lower strata of soil 
and lead to soil improvement. Potatoes respond to better cultivation and provide 
increased occupation for the farmer. There are some varieties of tubers that jdeld 
two and three crops a year, in which case the yield per acre is exceedingly high. 

The greatest obstacle in the extension of the area under potatoes in India is the 
non-availability of sound healthy seed in adequate quantities, at the right time 
and at a reasonable price. The crop grown in the plains gets diseased and, there- 
fore, seed has to be brought from the hills or imported from abroad. Researches 
have shown that healthy seed can be produced in India, and according to Burns, 
"given disease-free seed-potatoes and suitable manuring, the production of potatoes 
on the existing acreage can be doubled.” Steps have been taken by the Imperial 
Council of Agricultural Research for the production and distribution of healthy seed. 
There are vast areas which provide suitable soil and climatic conditions for potato 
cultivation and in many parts of India two crops can be raised in a year. 

Sweet-Potato 

If potato is the tuber of the cooler regions, sweet-potato may with greater justi- 
fication claim to be the tuber of the warmer regions of the globe. If potato is the 
tuber of West, sweet-potato is the tuber of the East. "The Chinese cultivate sweet- 
potato on a very large scale, and it enters into their diet, in some parts even more 
than rice.” During 1943 the U.S.A. had 900,000 acres under sweet-potatoes, 
mainly in the Southern States. Some varieties of sweet-potatoes are only three- 
month crops. Even two crops a year, each yielding 200 maunds of tubers, grown 
over a moderate area, would convert Bihar and Bengal from deficit to surplus pro- 
vinces, not only for carboh3'drates but by releasing area for fodder, which will also 
increase the supply of milk. 

Sweet-potato has this advantage over potato that it can be grown from stem- 
cuttings and the seed problem, the greatest obstacle in the extension of area under 
potato, does not arise. Again its demands for soil, manure and irrigation are not 
exacting either. 

Proposals 

If India could grow cereals and tubers in the same proportion as the pre-war 
Germany, i.e., in the proportion 014: i, India could supply in full her present 
requirements of carbohydrates from an acreage equal to 60 per cent, of what is under 
cereals now. Even if 10 per cent, of the acreage now under cereals be diverted to 
tubers, India’s cfibohydrate supply will be increased by 33 per cent. By follow- 
ing such a policy, land could be released for pulses, oil-seeds, fodders and a more 
balanced diet obtained. 

The proposal I place before j^ou is that, if the area under cereals is reduced 
from the present 64 per cent, of the total sown to 45 per cent, or so, and of the area 
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thus released, 5 per cent, of the total sown be planted with tubers, and the acreage 
of pulses be increased by 20 per cent, the out-turn of carbohydrate will be much in 
excess of the present quantity. I have taken tubers as an instance of high-yielding 
crops. Equally satisfactory results can be obtained from plantains, which yield over 
200 maunds of fruit per acre, and produce as much carbohydrate as sweet-potato or 
cassava with 100 maunds to the acre. They are also decidedly richer in proteins. 
Another high-yielding crop is carrot, which has the added advantage of being a 
rich source of carotene. 

Requirements of Fats and Oils 

India’s requirements of fats and oils have been placed at 250 per cent, in excess 
of the available supply. The area released from cereals could permit the acreage 
under edible oil-seeds being doubled. This would also double the quantity of con- 
centrates for feeding the milch-cattle, and if a reduction in the number of bullocks 
can be brought about simultaneously, as suggested later on, there will be a further 
improvement in the food resources of milch-cattle. The introduction of Soya bean, 
a legume rich in oils, will greatly enhance the supply of edible oil. Jn planning the 
nutrition of the whole world, the advisability of exporting oil-seeds from a country 
grossly deficient in fats and oils, will, we hope, be determined by the Food Advisory 
Organization of the United Nations. 

Protein Deficiency 

Deficiency in total proteins, and more particularly in the proteins of high biolo- 
gical value, is India’s most serious nutritional problem. This deficiency may not 
manifest itself in mortality and disease, but is evident in the slow rate of growth, 
reduced size of body, lack of efficiency and vitality. That this is actually the case 
is abundantly manifested by the condition of both men and cattle. Dr. Burns has 
correlated the amount of food and body-weight in cattle of the different regions of 
India, and Prof. Radhakamal Mukherjee has made similar studies in human groups. 
It is apparent that where cattle are ill-fed and small in size, and milk production per 
head of human population is low, the human physique is poor. Average live- 
weight of cattle and man is fairly closely correlated. 

Pulses and cereals are the chief source of vegetable proteins. Reduction in the 
area of cereals will reduce the quantity of proteins of this source slightly, but a 20 
per cent, increase in pulses will make up the deficiency. It is, however, the increase 
of proteins of high biological value, which is India’s greatest need. 

The Nutrition and Food Management Committee of the FAO have recognised 
that "the primary objective of the nations united in the Food and Agriculture 
Organization is to raise the level of nutrition throughout the world, to ensure not 
only that all people are freed from the danger of starvation and famine, but that they 
obtain the kind of diet essential for health.” Our Food Policy should aim at 
‘abundant health’, and our goal should be the creation of healthy and vigorous 
population, able to shoulder the burdens of peace and war. 

Protective Foods 

Let us now deal with the foods of animal origin "protective foods” and proteins 
of high biological value, provided by fish and flesh, eggs and milk. The require- 
ments of these foods for 400 million human beings is estimated at 300 per cent, over 
and above the present supply. 



178 


JI. AFZAL HUSAIN 


The most important of the food resources of this category are fish. The exten- 
sive waters around the coast of India, vast estuarian areas, numerous rivers and 
canals, lakes and tanks provide almost unlimited possibilities for the production of 
fish. Fish may be described as the food ready-made for man to collect. The 
neglect to develop, nay even to control, the fisheries in India has been colossal. It 
is only under the stress of war-time food scarcity 'that the necessity of developing 
this valuable source of food has been recognised. It is encouraging to find that 
several Provinces and States, as well as the Central Government have taken steps 
to develop the fishery resources of the country. Programmes of development in- 
clude all aspects of the fish industry, rmd teaching and research. We can look 
forward with confidence to the full development of this source of food. An abun- 
dant and cheap supply of fish will solve the problem of a balanced diet for the 
enormous rice-eating population. No effort should be spared to develop fisheries. 

Sheep, goats, pigs and poultry are well-known sources of food. The Imperial 
Council of Agricultural Research are financing research on these animals, with a 
view to improve breeds and increase the quantity of food produced from these 
sources. Among the smaller animals, a useful source of wholesome fle^h is the 
rabbit. It multiplies very rapidly and grows quickly. In other countries rabbit- 
breeding is an important industry, and it is a pity that in India nothing has been 
attempted so far and this excellent source of very good food is being ignored. 

Investigations carried out in America indicate the importance of wild life. It 
has been shown that where marshes have been reclaimed for cultivation, the benefit 
gained has not compensated for the loss sustained, through the destruction of water- 
fowl. We have approximately 200,000 square miles of forests. Can they not be 
stocked with eatable birds? There is immediate need for a thorough survey and 
population study of the wild life of India as a preliminary to a national planning of 
game improvement. 

Conclusion 

A national crop planning should be based on the best and most efficient utilisa- 
tion of land and other resources for social needs. The first social need is food. It 
is possible to evolve, for the various parts of the country, cropping schemes which 
will result in greater production of carbohydrates from smaller areas, than is the 
case at present. In any such scheme tubprs will play an important part, and the 
area under cereals will have to be reduced. Acreage released from cereals can be 
devoted to pulses, oil-seeds, fodders, an increased production of which is necessary 
for obtaining well-balanced diet. The increased food for milch-cattle, both in rough- 
ages and concentrates, which will result from such a cropping scheme, will make up 
our existing deficiencies in milk — a most necessary ‘protective food.’ The intro- 
duction of more legumes, i.e., pulses as well as fodders, will enrich our soils. A 
reduction in the number of bullocks by encouraging the use of tractors and motor 
transport, and the introduction of machinery driven by cheap electric power, will 
release much fodder and enable us to improve our breeds of milch-cattle, with a 
consequent increase in milk production. 

All this is possible and we have the knowledge to do it, but as the Hot Springs 
Conference stated — "It requires imagination and firm will on the part of each gov- 
errunent and people to make use of that knowledge.” 
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INVESTIGATIONS ON MUCUNA SEEDS 

PART II: BIOLOGICAL VALUE OF PROTEINS OF THE SEEDS 
OF MUCUNA UTILIS, WALL. 

S. N. S.VRKAR \N-D .\. C. RO.SR 
Pioni Ihc Biochemical Lahoratory, Dacca Vvircraily, Dacca. 

(Received for publication, .\pril 10, lOl.j) 

/ 

In a previous communication (i) the biological values of proteins of the seeds 
of Mticuna pruriens, DC by the balance sheet method as well as the growth method 
have been reported. The present work deals with the determination of biological 
values of the seed proteins of Mucuna utilis, Wall by both methods. These seeds 
are shining black in colour and over twice as large as those of Mucuna pruriens, 
being sometimes offered for sale as substitutes. 

A large quantit}? of these seeds were decorticated and ground to a fine powder 
in a flour mill. This powder served as the material for study in this investigation. 


Experimental 

The seeds were found to contain moisture 12%, protein 27.81%, ether extract 
4.49% and ash 3.3%. ' 

The biological value of the seed proteins was first determined by the balance 
sheet method and the technique employed was the same as that followed b}? Basu 
ct al (2). The metabolic nitrogen, however, has been calculated as being directly 
proportional to the food-intake. 

The composition of different diets used is given in Table I. 
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‘ 'i'ABLE I 

Composition of Different Diets 


Constituents 


N - free 
diet 


per cent protein content of diet. 


G.2.7% 10.5% 


15% 

Decorticated nuicuna powder 



225.0 378.0 


510.0 

Chopped sugar 


flO.O 


90.0 ' 90.0 


90.0 

Butter fat 

• • • ' • • • 

100.0 


90.0 83.2 


7fi.O 

Cod liver oil 


20.0 


20.0 20.0 


20.0 

Salt mixture 


... .'lO.O 


.70.0 .70.0 


.70.0 

Ca-Carbonate . 


8.0 


8.0 8.0 


8.0 

Starch (B.D.II.) 


7.‘!.5.0 


.720.0 .371.0 


219.0 



TABLE TI 





- 

Experiments loith Nitrogen-free ration 




(figures for intake 

and excretion represent 

daily avcragc.s) 




Body 

Food 

IJrinarv 

Metabolic Alctabolic 

nilrn- 

Jtat No. 

uciglits 

intake 

nitrogen 

nitrogen gen 

per 

g. of 


in 

in <r. V 

in ni". 

in ing. food in 

in?. 

IM 

155.0 

s.o 

29.10 

11.90 

1 . 6 G 


2F 

23.J.O 


37.00 

1-1 .9G 

1.7fi 


.tF 

210.0 

r.o 

33.-10 

8.02 

1.15 


4M 

15.3.0 

9.0 

20.13 

19.-11 

2.1fi 


.5l\I 

IGO.O 

12..3 

2.1..-1-1 

21.-15 

1.7-1 


GM 

112.0 

9.8 

20.GC 

20..70 

2.09 


7F 

20G.O 

10.0 

21.76 

22.0.3 

2.20 


8M 

185.0 

9.0 

2.7.81 

21. .70 

2.72 



Data obtained in experiments with the nitrogen-free diet are given in Table II- 
In Tables III and IV are given relevant data for metabolism experiments with 
diets containing 6.25% and 10.5% of seed proteins. Experiments were carried out 
at 15% level also but here as in the case of seeds of Mucwid pruriens, the condition 
of rats was not normal and as such data for this experiment are not reported. 

A perusal of data submitted in various tables show that the biological value b}^ 
the balance sheet method at 6.25% level of protein intake is 56 and that at 10.5% 
is 43 only. The percentage digestibility figures, however, are fairty hi^h, 81.9 at 
6-25% level and 82.4 at 10.5% level. 

In view of interesting results obtained above it was thought desirable to study 
whether the proteins present in seeds of Mitcuna utihs, have any growth-promoting 
property. For this, experiments were carried out with young growing albino rats. 
The technique followed was that adopted by Basu et at (loc. cit). 

In the case of the seed proteins cd Mucuna pruriens it was shown that, at 13 /o 
level of protein intake,' there was considerable disturbance in the system of_ experi- 
mental rats and as a result there was practically little growth in rats at this level. 
Moreover after some time they began to show a loss in the body-weight. The 
proteins of Mucnna iitilis. Wall, have high biological value (by balance sheet 
method) at 5-6% level but at 10-11% level the value was much lower which points 
to some abnormality in the system of animals and suggest that these seeds are 
much more toxic than those of Mttcuna Pruriens. This view has been further sub- 
stantiated b}' the present experiment. 


TABLE III 

The biological value of Mttcuna utilis seed proteins 
at 6.25% protein level 

(figmcs for intake arnl excretion represent daily averages) 


BIOLOGICAL VALUE OF PROTEINS OF MUCUNA SEEDS 
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It has been observed that all the rats at 15% level and 10.5% level are unable 
to grow and die gradually. The observations made in this connection are recorded 
in Table V. 


'J’ABLE A' 

The perjormance 0/ rats at ajid 10. protein level 


15;it No. I.cvcl of protein Time of Death Amount of protein I.o'-s in l) 0 (ly 

intake eonsnmed. in <r. weijrlit in p. 


9 ]\r 

1.7% 

Sth day 6 

7 

—7.0 

8 F 

1 .) 

9th day 7 

2 

— 7.5 

7.AI 

1.7 

loth day 7 

0 

—9.0 

, (i.M 

10..7 

9th day .7 

1 

—8.5 

' r,V 

10..7 

10th day .7 

.”) 

—10.5 

•lAI 

10..7 

12th day .7 

7 

—9.5 

Comin 

g to the 6.25% level it 

is seen that rats were able to maintain their body 

weights somehow after an initial 

decrease, to some extent. 

The table below gives 

an idea. 


TABI>E AN 




The performance of rats at 6 . 25 % protein 

level 


Days of 
feeding 

Rat No. 3M 

Rat No. 2 F 

Rat N 

t). lAI 

Body weight Protein in 

- Body weight Protein in- 

Body Avciglit 

Protein in- 

- 

^ in. g. take in g 

in g. take in g. 

in g. 

t.ake in g. 

0 

.36.0 2.2 

3.3.5 2.0 

13.5 

2.5 

7 • 

.3.3.5 1.6 

.31.5 .3.8 

10.5 

■ 1.8 

11 

29.5 6.9 

27.0 6.0 

.31.0 

7.1 

21 

28.0 9.0 

26.0 8.1 

.32.5 

9.6 ' 

2S 

28.0 11.1 

25.5 10.2 

.33.0 

12.0 


It is clear from the above table that the body- weights of rats at 6.25% level 
of intake after coming down to a lower value remain more or less stationaty. In 
view of this stale-mate condition the experiment was not continued further. 


Summary 

The biological values of proteins of the seeds of Mttciina utilis. Wall, b3^ the 
balance sheet method at 6.25% and 10.5% levels of protein intake are 56 and ^13 
respcctivety. 

The mean digestibilities at 6.25% and 10.5% levels are 81.9 and 82.4 
respectively. 

The seed proteins have practicallj' no growth promoting value. 

These seeds appear to be more toxic than those of Mucuna priiriens, DC. 

Further work is in progress. , 

Our best thanks are due to Prof. J. K. Chowdhury for his kind interest. 
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BIOLOGICAL VALUE OF PROTEINS OF PALl^IYRA FRUITS 
{BORASSUS FLABELLIFER, LINN) 

S. N. S.VUKAR vxi) A. C. BOSK 
f'Voiii the liiochctiiicai Lahomlonj, Dacca I'aivcrsilii, Dacca. 

(Received for publication, April 10, 1915) 

The juice of the ripe palmj.^ra fruit (Benga}i-Tal) and the edible portions 
(Talsans) of the green fruit are common articles of food in Bengal. It was thought 
interesting to examine the chemical composition of the juice of the ripe fruit and 
the 'talsans/ and determine the biological value of the proteins present. 


Experimental 


The outer coarse covering of the ripe fruit was peeled off and the pulp was 
pressed to yield a thick syrupy yellow juice. The juice was evaporated to dryness 
on a water-bath. The mass was then powdered as far as possible and preserved in 
a refrigerator. 

The outer semi-hard white covering of 'talsans’ was removed with a knife. ^ 
The soft mass including the fluid inside was then dried on a water-bath. The dried 
mass was as before powdered and preserved in the refrigerator. 

The composition of the samples are given in Table I. 

TABLE I 


Constituent!) 


Dried juice of ripe 
fruits 


Dried frreen 
fruits 


Moisture 

15.80% 

21.00% 

Total protein 

4.20 

7.00 

Total nitrogen 

O.CT 

1.12 

Ether extract 

0.50 

O.-OO 

Carbohydrate, etc., 

71.92 

G5.19 

Ash 

•1..5S 

.0.51 

Calcium 

o.or 

0.05 

Phosphorus 

0.15 

0.297 

Magnesium 

0.09S 

0.10 

Silica 

0.02 

O.OR 
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Methods recommended b}; the Association of Official Agricultural Chemists 
(A.O.A.C.) were used in general. 

The biological values of proteins of the edible portions of green as well as ripe 
fruits were estimated b}' the balance sheet method. The technique followed for 
these determinations is the same as that followed b}' Basil et al (i). The metabolic 
nitrogen, however, is calculated as being directly proportional to the food intake. 

The composition of diets is given in Table II. In Table III are given the 
results of experiment on nitrogen-free diet. The results of metabolism experiments 
with proteins of fruits arc given in Tables IV and V. In Table VI, the percentage 
digestibilitj? values are recorded. ' 


TABLE JI 

Composition of diets. 


Constituonts 

N-frec diet. 

Protein content 
—3.19% 
Bipc-palni diet. 

Protein content 
-3.0% 

Green-palm diet. 

Palm powder 


T()2.0 g. 

429.0 g. 

Clioppcd suirar 

90.0 g. 

90.0 

90.0 

Salt mixtiiro 

.')0.0 

.)0.0 

50.0 

Butter fat 

100.0 

73.0 

98.0 

Codli'ser oil 

20.0 

20.0 

20.0 

Ca- carbonate 

8.0 

8.0 

8.0 

Starrli (B.D.II.) 

73,').0 

0.0 

308.0 


TABLE III 

Experunents ivith Nitrogen-free ration. 

(figures for intake and excretion represent daily averages) 


. I 1- -I Metaliolic nitro- 

Body Food intake Uriinvpy nitro- Metabolic nitro- 

Rat No. ^ sr. fren in nig:. m in". 


IM 

].)5.0 

2F 

235.0 

OF 

210.0 

4M 

153.0 

.list 

IGO.O 

GM 

142.0 

7r 

206.0 

8]\I 

185.0 


8.0 

29.10 

8.5 

37. GO 

T.O 

.33.40 

9.0 

20.13 

12.3 

21.41 

9.8 

20.GG 

10.0 

21.78 

9.0 

25.81 


11.90 

1.8G 

11. 9G 

1.7G 

8.02 

1.15 

19.11 

2.1G 

21.45 

1.71 

20..5() 

2.09 

22.03 


21. .50 

2.72 



TABLE IV 

The biological valttes oj the proteins present in the juice of ripe palmyra fruit. 

at 3.19% level of protein in-take. 

(figures for intake and excretion represent daily averages) 
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TAULK VI 


The digeslibilHy of ripe and green palmyra friiii proteins. 


Protein 
level % 

linf 

I‘'oo(l 

Xilrofren 


Mean 

Xo. 

In lake 

di^je.sted 

(lifrostihility 

3.]!» 

IM 

23.13 

Ifi.HS 

72.0 


3.1!) 

21' 

32.1.-> 

2.'),23 

. 78..7 


3.1!) 

31^ 

30.11 

22.2K 

7t.O 

rti.R 

3.1!) 

■IM 

3.‘>.(i8 

2!).-IO 

S2.-1 


3.1!) 

(iitr 

3I.1.!- 

2e.3!) 

'i7.il 


3.0 The 

!ivern>'c ))ereeiitnfre 

(lifrestihilily 

of ‘tnlsnim' from 

the frrcen fruit 

... 80 


A perusal of the foregoing tables shows that though the protein content of the 
edible parts of green or ripe palmyra fruit is small yet the biological value and the 
digestibility figures arc fairl}' high. The biological value of the proteins of the 
dried juice of the ripe fruit at 3.19% level of protein intake is 52.2 and that of the 
green fruit at 3% level is 62.6. The digestibiiit}' of the proteins of the ripe fruit 
juice is 76.8 whereas that of the green fruit is 80. 


Conclusions 

1. The digestibility of edible parts of the green palmyra fruit is greater than 
those of the ripe fruit. 

2. The biological value of the proteins of edible portions of the green fruit is 
also greater than that of the proteins of the ripe fruit. 

Our best thanks are due to Prof. J. K. Chowdhur}^ for his kind interest. 
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ON PLANT PHOSPHATASES. PART V. LEAF PHOSPHATASES- 
DISTRIBUTION AND GENERAL PROPERTIES 
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From the Department of Biochemistry, Indian Institute of 
Science, Bangalore. 

(Received for publication, May 18, 1915) 

Although considerable amount of work has been carried out on the phosphatases 
from plant materials such as cereals, tubers, etc., there is very little information 
available on the occurrence, distribution and characteristics of leaf phosphatase. 
As the leaf is an important organ of plants which is the seat of photosynthesis and 
respiration and in view of the fact that leaf or foliar analysis has become well 
established in recent years as a useful aid in determining nutrient requirements of a 
wide variety of crops the knowledge of the exact role played by the enzyme phos- 
phatase in leaves, its variation during growth of plants and its relationship to 
photosynthesis, respiration and carbohydrate metabolism are of considerable import- 
ance in the study of plant physiology. The only work so far reported on leaf 
phosphatases is that of Ignatieff and Wasteneys (i) who studied the changes in the 
phosphatase occurring in the various parts of the Canada Wonder bean, potato, 
radish and wheat plants and its concentration at different stages of the life history. 

Later Giri ( 2 ) determined the activity of phosphatase from plant materials such 
as cereals, pulses, tubers and leaves and has shown that the leaves are rich sources 
of the enzyme compared to cereals and other plant materials. In view of the wide 
distribution of the phosphatase in leaves a systematic investigation on the role 
played by this enzjme is desirable. The present paper relates to the results obtain- 
ed on (a) the distribution of phosphatase in leaves of various plants (6) its variation 
with age and metabolic activity and (c) the characteristics of the enzyme. 


2 
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* ^ f * 

■Experimental 

Determination of Phosphatase Activity — ^The phosphatase activity determina- 
tions were carried out by estimating the amount of inorganic phosphorus formed 
when a known amount of the active extract or dry powder was allowed to "act in 
the reaction mixture, containing buffer and sodium fi — ^glycerophosphate after a 
known interval of time of hydrolysis at 35®-t-o.2C in an electrically controlled 
thermostat. Unless otherwise stated the reaction mixture always contained lo cc. 
of 1% sodium gl^'cerophosphate (Merck) solution lo cc. of M/5 acetic acid — acetate 
buffer (/)H 5.2) and the enzyme material, the total volume being made up to 25 cc. 
Thus the concentration of gl3’’cerophosphate in the reaction mi-xture is 0.4%. 

After one hour’s hj'drolysis, the inorganic phosphorus was determined colori- 
metrically in an aliquot of the reaction mixture^ by the method of Fiske and Sub- 
barow (3) after precipitating the protein by 10% trichloracetic acid. From the 
figure thus obtained the inorganic phosphorus formed in the total volume of the 
reaction mixture was calculated. 

In this paper the "phosphatase activity’’ is expressed as mg. of inorganic 
phosphorus formed per gram of diy leaf powder. 

"'Soluble or Free” Phosphatase - — ^The phosphatase contained in the aqueous 
extract of the powder is designated as ‘free’ phosphatase. This enzyme was obtain- 
ed by extracting the powder with ten times the quantity of water for one hour at 
the room temperature and filtering in a Buchner funnel. 

"Total” Phosphatase phosphatase contained in the whole seed powder 
is designated as "total’’ phosphatase. The activity of the total phosphatase was 
determined by weighing a known amount (0.1-0.2 g.) of the powder and allowing 
it to act on the substrate under exactly similar experimental conditions used for 
determining the activity of the "free” phosphatase. 

Preparation of leaf material. — As, the composition of leaves varies with age, 
type and the time of the day, it is desirable that the selection and sampling of the 
leaves are restricted to the leaves of the same age and type. The leaves were collect- 
ed in the morning between 6 and 10 A.M., and the soil and dust adhering to the 
leaves were removed by brushing with stiff brush. The petioles were removed and 
discarded. The leaves were then cut into small pieces and quickly placed in a 
desiccator to dry. After drying, the leaves were then ground in a mortar. The 
resulting leaf powder was sieved twice through a 40 mesh sieve. This treatment 
was found to give a fair separation of the mechanical tissues from the softer tissues 
of the leaf, which are more easily pulverised. The mechanical tissues (veins and 
midrib) are considerably lower in phosphatase content than the rest of the leaf (as 
shown in Table VII) and were rejected on the ground that the composition of the 
active metabolic regions of the leaf should give the best indication of nutritional 
status. 
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Drying of leafy materials — The selection of suitable method of drying of the 
leaves is very important, as the activity of the enzyme is considerably altered by 
the method of drying. The following methods of preparation of dry powder from 
the leaves were tried with a view to finding a suitable standard method for the 
preparation of leaf powder without any appreciable loss of the enzyme activity. 
The cut leaves were subjected to — 

1. Drjdng at 50° in hot'-air chamber ; 

2. Drjdng in desiccator under vacuum over anhydrous calcium chloride. The 
leafy material was spread in thin layers on a filter paper. 

3. Treatment with acetone. The fresh leaf material (10 g.) was treated with 

20 cc. acetone, well macerated and filtered after five minutes through a Buchner 
funnel. The operation was repeated wi^ 20 cc. acetone followed by treatment 
with 15 cc. ether. • / 


The following table shows that (2) and (3) are the best methods. Method (i) 
brings about slight inactivation of the enzyme. 


TABLE I. 

Total phosphatase activity in leaves subjected to different methods of treatment 
for the preparation of dry leaf powder. 

{10 g. of the leaves cut into small pieces were used). 


Leaves 

Drying at 50° 

Desiccation 

Acetone 

for IJ hrs. 

for 6 hrs. 

treatment, 


1. Carica Papaya 

9.85 

11.95 

12.78 

2. French Bean 

51.8 

59.8 

CO.OO 


Although the acetone treatment yields a slightly more , active material, the 
higher activity may be due to the increase in concentration of the enzyme in the 
final product as a result of the removal of acetone soluble constituents from the 
leaf material. For purposes of quantitative study of the phosphatase activity of 
leaves during growth of plants, it is, therefore, desirable to select the desiccation 
method which does not affect the activity of the enz3une and at the same time the 
material obtained by this method contains all the constituents originally present in 
the leaf, 
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Influence 0 } time of drying the leaves in vacuum on the activity of the phosphatase. 

The time of desiccation of the leaves is of considerable importance, as the 
phosphatase activity is destroyed if the leafy material is not dried within a short 
time. Once the material has been dried, it does not lose its activity on storage. 

In the following table are presented the variation in activity of the enzyme 
when the leaf is subjected to varying periods of desiccation, in vacuum. 


TABLE II. 

Influence of time of drying of leaf material {carica papaya) in 

on the activity of total phosphatase. 

vacuum desiccator 


Time of desiccation. 

Total phosphatase 
activity. 

1. 

Desiccation for 12 hours (complete drying) 

IT.45 

2, 

The same sample (1) after 12 hours desiccation kept in vacuum 
desiccator for 96 hours 

1T.4j 

3 . 

Desiccation for 36 hours 

12.T8 

4 .. 

Desiccation for 96 hours 

2.9.5 


It is clear from the above table that the longer the period of desiccation 
taken for complete drying, the more the inactivation of the enzyme in leaf powder. 
It is of interest to note that the phosphatase is inactivated to a greater extent 
under anaerobic conditions as can be seen from the following table which contains 
the results of experiments carried out in 'Thunberg tubes. 

Two Thunberg tubes were filled with 10 g. of cut Carica papaya leaves. One 
of the tubes was immediately evacuated while the other was not. The two tubes 
were kept at room temperature ( 20 - 24 °) foT days and then the leaves were 
dried quickly in the same desiccator and the activities of the total phosphatase 
determined. The results are presented in Table III. 


TABLE III. 


Total phosphatase activity of leaves stored in presence and absence of air. 


Expt. Treatment of leaves. Total phospliatasc 

No. ' activity. 


1. 

(a) 

In presence of air 

12.88 


(b) 

In absence of air 

2.7'.5 

2. 

(a) 

In presence of air with 1 cc. of toluene added 

12.56 


(b) 

In absence of air vith toluene added 

2.63 
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It is clear from the above table that the storage under anaerobic conditions 
is very detrimental to the activity of the phosphatase. It is consequently neces- 
sary to minimise the time of drying in vacuum. The mechanism of destruction 
of the enz^'me in leaves under anaerobic conditions of storage is worth investigating 
as it may throw light on the r 61 c of this enzyme in aerobic and anaerobic biological 
reactions. 

Phosphatase activity of leaves, of higher plants ^The leaves were dried in 

desiccator as described before and the phosphatase activity of the whole leaf powder 
was determined. In the selection of leaves, the age, maturity etc., were not taken 
into consideration. The object is merely to sho^v the wide distribution of the 
enzyme in leaves. It is however necessary to find out if there is any relationship 
existing between the phosphatase activity of leaves and the natural order of the 
plants so that a rough classification of the plants based on phosphatase activity 
may be possible. Work in this direction is in progress. 


TABLE IV. 


Phosphatase activity of leaves of higher plants. 



Common name of 
the plant. 

Botanical 

name. 

Total 

Pliosphata.so. 

]. 

Paddy 

Oyyza sottrn 

7.5 

2. 

Choiam 

Sorglmm Vvlgarc 

9.13 

•a. 

Cambu 

Pennisetum typhoidcum 

. 13.88 

4. 

Bag! 

Pleusine Coracana 

11.86 

T). 

Ragi straw 

y> 

1.15 

6. 

Peas 

Pisiim Sativum 

18.15 

7. 

Barley 

Hordeum Vvlgare L. 

20.83 

8. 

French bean (15 days) 

PhascoJus vulgaris h. 

51.1 

9. 

French bean (3 months) 

>> 

37,5 

10. 

Sanke gourd (tender leaves) 

Trichosnnthcs anguina 

23.78 

11. 

Pumpkin 

ft 

18.88 

12. 

Ash gourd . 

Benincasa Cerifera Savi 

9.18 

13. 

Squash (tender leaves) 

Cucurhita Pepo L. 

21.65 

14. 

Lucerne 

Mcdicago Saliva L. 

6.9 

15. 

Plantain 

Musa Paradisiaca L. 

2.85 

16. 

Tomato 

Solatium Lycopersicun 

10.0 

17. 

Sugar cane 

Sacchanim Officinantm L. 

9.3 

18. 

Castor 

Ricinns Communis L. 

7.93 

19. 

Papaya 

Carica Papaya L. 

24.3 

20. 

Margosa 

Mclia Azadiraclita 

6.5 

21. 

Akanda 

Calotroph Gigantea 

> 16.95 

22. 

Croton leaves (green variety) 

Codiacum Variegaium 

27.8 

23. 

Brinjal 

Solanum Mclongena L. 

14.18 

21-. 

Lemon , 

Citrus Mcdica L. 

6.25 


The results presented in Table IV would show that the phosphatase is widely 
distributed in the leaves of all plants- 
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"ToiaV’ and "soluble"' phosphatase in leaves Sharma and Giri (2) have 

shown that the phosphatase occurs in two different forms in certain seeds. The 
one which can be extracted easily with water and therefore exists in "free” form 
is designated as "soluble phosphatase” and the other which cannot be extracted 
with water and therefore exists in "bound” form is designated as "bound 
phosphatase.” Booth (4) has recently confirmed this concept of ‘bound’ and 
‘soluble’ phosphatases in cereals. The occurrence of these two forms of 
phosphatase in_ leaves was investigated. In the following table are given the 
results of investigation. For purposes of comparison the phosphatase activity of 
cereals is included. 


TABLE V. 


'Total' and 'soluble' phosphatase in leaves. 



Phosphatase activity. 

“Soluble” 

Nafhe of the 
leaves. 

Total 

Soluble 

per cent of “total”. 

Rice (Leaf) 

7.5 

7.9 

100 

Cholam 

9.13 

9.13 

100 

Ragi 

11.88 

11.88 

100 

French bean 

,51.10 

51.10 

100 

Papaya 

ie.75 

8.25 

50 

Akanda 

11.78 

4.23 

. 36 

Rice (Grain) 

2.55 

0.68 

27 


The results show that in some leaves like papaya, snake gourd the phosphatase 
exists partly in bound form while in others like rice, ragi, cholam, entirely in 
soluble form. It is rather difficult to explain why the phosphatase exists m cer- 
tain leaves in completely soluble form and in others partly soluble and part y 
bound form. It may be stated here that drying of the leaves does not alter the 
solubility of enzymes as it was found that the activity of the enzjrae o tame 
from fresh and dried papaya leaf material after extraction and filtration is practi 
cally the same in both the cases. 

Variation in phosphatase activity with the age of leaf and fruit ^The rariou^s 
constituents of the leaf, is generally influenced by the age of the leaf and “e plan . 
It is, therefore, necessary to know the variation in phosphatase activity ni e 
age of the leaves for studying the role of the enzyme in plant grow an 
metabolism. / 


Leaves of varying age from the same plant were collected and dried as d - 
cribed before. The total phosphatase activity of the different samples was det r- 
mined. The plants investigated were papaya, french beans, snake gour an 
akanda {calatropis gigantea). The results are presented in Ta e 
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TABLE VI. 


Variation in phosphatase activity of leaves and (fruits with age. 


Name of the plant. 

/ 

Ape and type 
(dificrcnt stape.s in growth) 

PJiosphatase 

activity. 

Papaya {cnrica papaya) 


(a) 

1st leaf (very tender) 

13.T 



(l>) 

2nd leaf (tender) 

18.2.5 



(e) 

.nrd leaf (fairly tender) 

2.3..i3 



(d) 

Medinni sized leaf 

17.1.5 



(e) 

Very old leaf 

10.2 



(0 

Dry leaf 

8.0 

Snake gourd 


(a) 

Tender leaf 

23.78 



(!•) 

Old leaf 

9.25 

Akanda {calotropiii f/iyatilca) 


(a) 

Tender leaf 

1C.95 



(h) 

Old leaf 

11.78 

Freneh bean 


(a) 

Young leaf 

48..55 



(h) 

Medium sized leaf 

.51.1 



(<•) 

Old leaf 

2r.t 


The results show that the phosphatase activity decreases gradually with the 
age of the leaf. This relationship between the phosphatase activity and the age 
of the leaves was found to hold good in the case of the leaves of all plants investi- 
gated, namely, papaya, snake gourd, akanda (calotropis gigantea) and french bean. 

Distribution of phosphatase in the leaf . — In all the experiments described in 
the present paper the whole leaf was used for the determination of the activity 
of the enzyme. It was however thought interesting to knotw whether the various 
parts of the leaf possess the same activity. The phosphatase activity was there- 
fore determined in various parts of the papaya and french bean leaves. The 
various parts of the leaf namely the (a) outermost edge, (b) middle strip, (c) inner 
strip, and {d) the mi;drib as indicated in figures i and 2 were carefully removed 
and dried. The phosphatase activity of the various samples was determined and 
the results are presented in Table VII. 

TABLE VII. 


Distribution of phosphatase in the leaf. 


Name of leaf 


Portions of the leaf 

Phosphatase activity. 

Freneh bean 

a) 

Outermost edge (5 mm. Width) 

32.1 


h) 

Middle strip (10 mm. width) 

31.8 


c) 

Inner strip (10 mm. width) 

31.8 


d) 

Midribs 

15.4 

Papaya 

a) 

Outermost edge 

21.25 


' b) 

Middle strip 

2t.08 


c) 

Inner strip 

21.12 


d) 

Alidribs 

12.375 
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The results show that the enz3nHe is uniformly distributed throughout the 
lamina of the leaf. The midrib however contains less phosphatase (about 50%) 
than the other parts of the leaf. 

Lcaj phosphatase activity and hydrogen ion concentration — The optimum 
of the activity of plant phosphatase is reported by various workers to be 5. 0-5. 5. 
In the case of leaf phosphatase, Ignatieff and Wasteneys (i) have reported the 
^115.5-5.9 as optimum for tye activity of Canada Wonder bean. This is rather too 
high for plant phosphatases. 

The following experiments were carried out with a view to determining the 
optimum for the phosphatase activity of papaya leaves. The determination 
was made both by colorimetric and potentiometric methods. Leaf powder w'as 
used as tych for the determination of activity. 

The results are presented in Table VIII. 

TABLE VIII. 

Leaf phosphatase activity and hydrogen ion concentration. 

pH 3.G 4.0 4.4 4'.6 5.2 5.G 

Activity 9 . 4 . 11.77 17.75 20.55 21.7 17.5 

The results show that the optimum for activity of the enzyme lies at 

5.2 for papaya leaves. 

Time of course of the action of leaf phosphatase. 

The reaction mixture contained 20 c.c of M/5 acetic acid acetate buffer 
(/>H 5.2), 20 cc. of 1% sodium /3-glycerophosphate, 10 cc. of enzyme solution 
(prepared by extraction of french bean leaf powder with water in the proportion 
I ; 10) . The reaction was allowed to proceed at 35 stated intervals of tune 

an aliquot of the reaction mixture was taken for the determination of inorganic 
phosphorus. In the following table are presented the results obtained on the 
increase in inorganic phosphorus formed in the reaction mixture with t e time 
of incubation. 


TABLE IX. 


Time course of leaf phosphatase activity. 


Time of hydrolysis 
in minute. 

Inorganic phosphorus 
formed in the reaction 
mixture. 

Time of liydrolysis 

Ratio : 

Ino. P. in mg. 

Hydrolysis. 

0 

10 

l.T 

20 

30 

40 

50 

GO 

1.43 mg. 

' 3.17 

4.G2 

G.08 

7.43 

9.00 

10.18 

11.58 

3 . 4 . 

8.17 

3.2t 

3.28 

4.01 

■t.U 

4.91 

5.18 

14.1 

.31.3 

45.7 

GO.l 

73.5 

90.0 

100.0 

114.0 
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The results show that the rate of formation of inorganic phosphorus is strictly 
proportional to the time of h5?drolysis until 60 per cent of the substrate is hydro- 
lysed. After 60 per cent hydroly'sis the rate of hj'drolysis decreases. For the deter- 
mination of the activity of leaf phosphatase it is, therefore, necessary to restrict the 
observation within the 60 per cent hy'droly'sis limit. 

Relation between substrate concentration and leaf phosphatase activity. Ini 
Table X are presented the results obtained on the relation between phosphatase 
activity and the substrate concentration. The substrate solution was always ad- 
justed to pK 5.2 by neutralising with acetic acid and then used for determining 
the activity by using 0.2 g. of dry leaf-powder. The total volume of the reaction 
mi.\ture was 25 cc. 


TABLE X. 


Influence of substration concentration on phosphatase activity. 


/ 

Substrate concentration 

Pliospbatasc 

nctivitj'. 

Papa 3 'n leaf 

Frencli bean leaf 

0.4.% 

19.4. 

30.1 

1.0 

33.33 


2.0 

47.18 

88.00 

3.0 

55.55 

104.87 

4 ..O 

Cl. 00 

112.50 

."..O 

67.55 

12C.87 

S.O 

78.18 

134.25 

7.0 

78.13 

138.00 

8.0 

78.13 


10.0 

78.13 



The results show that the substrate concentration for maximum activity is 
6.0 per cent. 


Discussion 

The present data show the wide distribution of phosphatase and its occurrence 
in high concentration in the leaves of plants compared to other plant materials, 
such as cereals, tubers, etc. The phosphatase exists in them mostly in soluble 
form. In the case of some leaves like papaya, snake gourd etc., the enzyme 
exists in partly “bound form” which is difficult to extract with water. 

In the preparation of leaf material used for activity determinations the need 
for the selection of a suitable method of drying the leaves without destroying the 
enzyme is emphasised and a simple method for preparing leaf material has been 
suggested. . . 
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The present studj^ enables us to show that there is a relationship between the 
phosphatase activity of leaves and fruits and the growth and maturity of the plant. 
The data presented in Table VI would show the variation in phosphatase activity 
of the leaves of all the plants investigated, with the age of the leaves, the young 
leaves containing more phosphatase than the old ones. Thus the phosphatase 
activity is affected with the age of the leaf and its metabolic activity. These 
differences in composition of the leaves with varjdng age with respect to its phos- 
phatase activity emphasises the necessity of sampling similar type leaves in any 
diagnostic work based on leaf analysis. The phosphatase is uniformly distributed 
in the lamina of the leaf. 

An inspection of the results in Table VII shows that the lamina of the leaves 
is high in phosphatase activity while the midrib is considerably low (50 per cent 
of that of lamina witlrout the midrib) in phosphatase. This highly significant 
difference in concentration of the enzyme in lamina and the midrib is an important 
observation which should be taken into consideration in studies on the variation in 
phosphatase activity of leaves with the metabolic activity of the plant. 


In addition to the above, many factors appear to influence the phosphatase 
activity of leaves including soil, pathological conditions of the plant arid others. 
It is not within the scope of this study to attempt to determine the individual 
effects of these factors. Such a study iwould require the growing of plants un^er 
controlled conditions. Our preliminary experiments on the influence of feitiizer 
treatment on phosphatase activity of leaves of papaya have however indicate 
certain significant variations in the enzyme with the type of fertiliser used. ^ uc 
more work is still required before we can obtain a clear picture of t le ro e o 
phosphatases in plant life. 


Summary 


1. Phosphatase- is widely distributed and occurs in high concentration in 
leaves of all plants. 

2. The enz3ane occurs in certain leaves like those of ragi, rice, etc., in co 
pletely "soluble” form, while in others like papaya, snake gourd it exists in pa y 
"bound” form which cannot be extracted iwith water. 


3. The phosphatase activity is affected with the age of the leaf. The 
leaves contain less phosphatase than the younger ones. 


4. The lamina of the leaves is high in phosphatase adivity while the rnidrib 
is very low in phosphatase. Leaf phosphatase exists its op irnum 
5.2. The time course of the reaction of the leaf phosphatase 
character in the early stage of hydrolysis. 
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5. The rate of hydrolysis of the phosphatase varies with the substrate con- 
centration until the concentration of the substrate is 6% and decreases further with 
increase in substrate concentration. 

The author’s thanks aYe due to Prof. V. Subrahmanyan for his interest in this 
investigation. 
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OBSERVATIONS ON ASCORBIC ACID 
PART I. STATE OF ASCORBIC ACID IN PLANT TISSUES. 

BASHIR AHMAD, AHMAD ALI QURESHI v.nd INDERJIT BABBAR 
Fiom the Punjab UniversPy Institute of Chemistry, Lahore. 

(Received for publication, July -1, 191.5) 

An increase in the indophenol litre of the extracts of certain vegetables on 
boiling was observed by Ahmad (i), and McHenry and Graham (2). This wa,s 
interpreted to indicate the existence of combined ascorbic acid in such tissues. This 
view was not accepted by other investigators who ascribed the apparent increase 
wholly to the destruction of ascorbic acid oxidase present in such vegetables ( an 
Eekelen (3,4), Harris (5). Later in a series of studies Guha and his collaborators 
sought to obtain evidence of the existence of "ascorbigen" (combined ascorbic acid) 
in plant and animal tissues. (Guha and Pal 6, 7) ; Sen Gupta and u a ( ,9) , 
Guha and Sen Gupta (10) ; Pal and Guha (ii). These observations were confirmed 
by Levy (12), and Scarborough and Stewart (13, 14). Alcoholic, e erea or 
form extracts of dried cabbage ordinarily showing no reaction with the mdopheno 
dye, even after passing of hydrogen sulphide in the cold, when y royse wi 
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water in an inert atmosphere, showed the presence of a reducing substance, the 
identity of which with ascorbic acid was established by the specific action of ascorbic 
acid oxidase and biological tests on scorbutic guinea-pigs. The amount of ascorbic 
acid in combined state in vegetable tissues was, however, small and several authors 
who failed to confirm these experiments believed this to be a normal variation falling 
within the range of experimental error (Mack 15) ; Mack and Tressler (16) ; Levy 
(17) ; Fugita and Ebihara (18, 19). In the mean time Readman and McHenry 
(20) advanced further proof of the presence of combined form of ascorbic acid in 
plants by chemical, spectrographic and biological assay and claimed this form to 
occur in combination with proteins, hydrolysing readily with 0.2% hydrochloric 
acid. The presence of combined ascorbic acid in urine was shown by Scarborough 
and Stewart -(13); Banerjee (21) ; Banerjee, Sen and Guha (22, 23) ; Sen Gupta 
(24), and in blood by Saha, Majumdar and Guha (25). These latter authors 
based their proof of the presence of combined ascorbic acid on the fact that there 
is difference in the indophenol titre of the same extract after passing hydrogen 
sulphide in the cold and the hot condition. It is argued that anj^ dehydroascorbic 
acid present would get reduced with hydrogen sulphide even in the cold. There- 
fore the increase in ascorbic acid value in the second treatment namely heating and 
then passing of hydrogen sulphide would represent combined ascorbic acid. More 
recently Harris and Olliver (26) have criticised the combined ascorbic acid 
hypothesis, stating that the supposed increase on cooking is due generally to a faulty 
technique and could be traced in most cases to either incomplete extraction, varia- 
tion in sampling and the action of the oxidases. In their extensive studies these 
authors always obtained a decrease in ascorbic acid on cooking and the hydrolysis 
method of Reedman and McHenry (20) invariably gave a lower figure than the 
simple direct method recommended by these authors. They have not, however, 
explained the difference in value obtained by the action of hydrogen sulphide in 
the cold and the hot solution after acid extraction. 

In this paper we have described the result of a critical study of this question. 


Experimental 

The methods used in this investigation for the estimation of free, dehydro and 
combined ascorbic acid are outlined below : — 

Free Ascorbic Acid — 15 c.c. of 20% trichloracetic acid and 10 c.c. of 20% 
metaphosphoric acid were mixed together in a 25 c.c. stoppered glass cylinder. 
10 gm. of fresh vegetable tissues were ground rapidly and thoroughly with approxi- 
mately one-half of the above acid mixture and 5-10 gm. of pure white sand 
previously washed with hydrochloric acid. The whole was filtered rapidly through 
a muslin piece. The residue was returned to the mortar and extraction was repeated 
with the remaining acid mixture. Finally it was again filtered through the muslin 
piece. The whole extract was then centrifuged for 3-4 minutes and the volume 
made up to 100 c.c. It was then titrated with the standard solution of 2:6- 
dichlorophenol-indophenol and free ascorbic acid calculated, 
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DcJiydro Ascorbic Acid — 20 c.c. of the aliquot were taken in a 200 c.c. fiat 
bottomed flask. A moderate current of hydrogen sulphide was then passed through 
the extract for 15 minutes. The excess of gas was removed completely by passing 
a rapid current of carbon dioxide under pressure at room temperature. It was 
then titrated quickly against the standard indicator, and the value of free plus 
dehydro ascorbic acid was calculated. By deducting from the total the value of 
free ascorbic acid obtained in the first process, the value of dehydro ascorbic acid 
was obtained. 

Combined Ascorbic Acid. — ^Again an aliquot of 20 c.c, was taken and a moderate 
current of hydrogen sulphide was passed for 15 minutes through the extract kept 
in a boiling water-bath. The excess of the gas was removed by a rapid current 
of carbon dioxide and titrated quickly against the indicator solution. From the 
difference in this titre and the value for free and dehydro-ascorbic acid the combined 
form of ascorbic acid was obtained. 

The results obtained by the above procedure for a number of vegetables are 
shown in Table I. 


TABLE I 


State of Ascorbic Acid in vegetable tissues. 



Ascorbic 

acid in mg./lOO g. of 

fresh vegetable 

N.-inie. 

Free. 

Dehydro. 

Combined. 

Total. 

Dehydro ns 
% age of 
total. 

Fenugreek (TrigoncUa /ocnuinj/iwciini) 

IGO.O 

40.0 

0.0 

200.0 

20.0 

Turnip leaves (white) (Brassica rapa) 

loL.O 

46.0 

0.0 

200.0 

23.0 

Bitter gourd {Moniorclica charaniia) 

1.3.3.0 

27.0 

0.0 

160.0 

16.9 

Karem leaves 

lor.o 

8.0 

0.0 

115.0 

6.9 

Turnip leaves (red) (Brassica rapa) 

80.0 

0.0 

0.0 

80.0 

0.0 

Cauliflower (Brassica olcracea) 

80.0 

20.0 

0.0 

100.0 

20.0 

Spinach (Spinacia olcracea) 

Ta .5 

1.5 

0.0 

77.0 

1.9 

Cabbage (Brassica olcracea capilala) 

G 6.0 

G.O 

0.0 

7^.0 

8.3 

Mongra pods (Bdphanus Sathnnii) 

53.0 

0.0 

0.0 

53.0 

0.0 

Mint (Mentha virulis) 

.50.0 

11.5 

0.0 

61.5 

18.7 

Pea-pods (Pisnm sativum) 

■10.0 

0.0 

0.0 

40.0 

0.0 

Onion (Allium cepa) 

40.0 

0.0 

0.0 

40.0 

0.0 

Radish leaves (Raphanus sativum) 

26.6 

13 . 4 - 

0.0 

40.0 

33.5 

Peas (Pisum sativum) 

26.0 

0.0 

0.0 

26.0 

0.0 

Pumpkin (Cucurhita maxima) 

' 26.6 

5 . 4 ' 

0.0 

,32.0 

16.9 

Potatoe (Solanum tuberosum) 

26.0 

6.0 

0.0 

32.0 

18.7 

Onion leaves (Allium cepa) 

Carrot (Daucus carota) 

Lettuce 

15.0 

6 .5 

6.6 

5.4 

2.2 

2.2 

0.0 

0.0 

0.0 

20 . 4 . 

9.0 

8.0 

26.4' 

. 21..4 

25.0 
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From Table I it is evident that most of the vegetables tested are rich sources 
of ascorbic acid when fresh, and those shown in first half of the table are even 
richer than citrus fruits, prominent among which are orange and lemon having an 
average value of 50 mg/ 100 gm. The amount of dehydro-ascorbic acid ranged from 
0—33% of the total ascorbic acid present in different vegetable^ It is possible, 
however, that some of free ascorbic acid is converted into dehydro form during the 
process of extraction through the action of the oxidase. Attempts Avere made to 
prevent such oxidation as far as possible, but the action o'f ascorbic acid oxidase 
is sometimes exceedingly rapid. However in some vegetable tissues the value of 
dehydro-ascorbic acid is quite high. No explanation can be given at this stage 
of the significance of dehydro-ascorbic acid present in different plant tissues. 


No appreciable amount of combined ascorbic acid was detected in any vegetable 
tissue by this method. From the results of these experiments it can be safely cn- 
cluded that there was no increase in ascorbic acid content on heating. As Harris 
and Olliver (ii) have suggested it is possible that three causes have combined to 
produce the misleading appearance of increase in ascorbic acid after heating, record- 
ed by McHenry and others, and responsible for combined ascorbic acid hypothesis 
in plant tissues ; (a) Incomplete extraction : From unheated tissues, particularly 

if they are of a hard and fibrous nature, quantitative extraction of ascorbic acid is 
more difficult than from heat-softened materials. Thus a fictiously low value is 
given to the raw product unless a satisfactory method of extraction is used. (6) 
Action of oxidase: The most important factor may be the ineffective procedure 
used to prevent the action of oxidases during the preliminary extraction of the raw 
material and the destruction of the same oxidases by the heating or cooking process, 
(c) Variation in sampling: This factor may also produce gross errors. A 
representative sampling of the vegetable is often difficult. 

We next followed the method of Reedman and McHenry as modified by Harris 
and Olliver (ii) which is outlined below for comparison. The material (10 gm.) 
was ground with sand in the presence of 50 c.c. of 0.2% HCl and transferred to a 
small wide mouthed flask. H:S was passed into the solution for 10 minutes and 
the flask was stoppered and kept at 40° for one hour. The solution was then 
squeezed through muslin into a wide-mouthed flask. The residue was extracted 
with 12.5 c.c. of 20% trichloracetic acid and 5 c.c. of 20% metaphosphoric acid 
and washed into the flask, the volume being kept below 100 c.c. H-S was passed 
through the solution for a further 5 minutes ; the flask was stoppered and left 
overnight. H^S was removed in a stream of CO2 and volume made upto 100 c.c. in 
a graduated flask. The solution was then filtered and titrated. This titration gives 
value of total ascorbic acid in the material i.e., the reduced reversibty oxidised and 
combined form of the acid. 

Side by side usual method of extraction as outlined before was followed and 
free and dehydro ascorbic acid was determined. The results for three vegetables 
which have been reported to give a combined ascorbic acid value out of the large 
number of experiments are shown in Table II. 
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TABLE II 


Ranic of vegetable. 

'^.Ascorbic acid in 
fresh \ 

nig. per 100 g. of 
egetables. 

By nictbod adopted by 
the authors. 

By modified Reedman 
and jMcHenry method. 

Cauliflower {Brassica olcrarca hri/lcs) 



Mint {Mentha Viridts) 

fil.2 

Gl.O 

Fenugreek {Trigonclla Fivniini-gncciiiii) 

200.0 

198.8 


^Average of 3 values. 


It will be seen that there is no difference between the values and neither there 
is any decrease nor increase in the value of total ascorbic in the vegetables examined 
by the two methods. This result confirms the veiw that' there is no combined 
ascorbic acid present in the vegetable tissues. It may be mentioned that Harris 
and Olliver (ii) found a decrease in all the vegetables they examined which 
suggested oxidation to have taken place during their experiments. Our experiments 
however, did not show any appreciable lowering of the value. 

Further investigation into the combined ascorbic acid hypothesis was carried 
out by the following hvo methods : (i) It was reported by Reedman and McHenry 
(i8) that ascorbic acid occurs in combination with proteins in the vegetables. To 
examine this hji’pcthesis the following procedure was adopted. 

Pepsin was used to hydrolyse the protein complex. o’5% solution of pepsin was 
prepared in o.i-N HCl. lo c.c. out of it were added to 20 c.c. of the water extract 
and the trichloracetic-metaphosphor ic acid extract and incubated for 3 5 hours. 

The treatment would release the ascorbic acid, if present, bound w'ith j^oteins, 
and could be estimated by titration. The results are shown in Table III an 


table III 






Ascorbic 

acid mg./lOO g. of fresh 

vegetable. 

Name of 

Time of 

pH. 

tV-iter e.\trnct. Trichloracehc-raeta- 

phosphoric Acid extract. 

vegetable. 

incubation. 

- 

Control 

(without 

pepsin) 

Test Control 

(with (without 

pepsin) pepsin) 

Test 

(with 

pepsin) 

Fnrcm Icnrcs. 

.3 hours. 
a hours. 

1.1 

.3.3.3 

ts.i 

33.3 'tO-O 

IG.o 2n..T 

'.33.3 

2.').0 

Fenvgrecl;. 

3 hours. 

5 hours. 

>» 

»» 

40.0 

.32.5 

40.0 10.2 

27.S GS.'l 

4.5.2 

.30.0 


4 
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TABLE JV 


AM'orbu* acid inp./lOO p. of original vegetable. 


Time of .\eid mixture Residue after 


Name of 
vegetnhle. 

ineuhatiou 

(Hrs.l 

jdl 

Water 

extract. 

extract. 

single water 
extraction. 

Control Te.st 
(without (with 
pepsin), pepsin). 

C ontrol 
(without 
pepsin). 

Test 

(with 

pepsin). 

Control 

(without 

pepsin). 

Test 

(with 

pepsin). 

Jfnreni Saf/. 

1.1 .T 

61.S 

62.4 

S.l.-l 

75,0 

10.50 

9.15 


5 


51.2 

70.5 

.cc.o 

10.50 

9.02 

/'ViiiigrecA'. 

„ -1 

83.8 

5^2.2 

!)9.8 

!)8.'l 

12.i50 

10.8 



fiO.SI 

68.5 

78.2 

73.1 

12.00 

9.65 

CanVifloircv 


3f>.l 

35.5 

■ll.ft 

36.4 

12.00 

10.5 


» 0 

21.8 

22.4 

28.5 

25.0 




It will be seen that there is no increase in the ascorbic acid value after incubation 
with pepsin of the water extract, or acid extract or residue after water extraction 
of the vegetables examined. The incubation was carried for 3 and 5 hours. These 
experiments give no indication of the release of any combined ascorbic acid from 
its complex and hydrolysed by pepsin. Oxidation of extracts takes place due to 
rather long incubation. 

(ii) In order to make the problem of bound ascorbic acid still more clear, the 
treatment of the vegetable extract was carried out with taka-diastase known to 
hydrolyse complex carbohydrates, thus releasing any organic compounds in combi- 
nation with them. Water extract of vegetable was prepared and its adjusted 
to 5.28 which is the optimum of takadiastase. 10 c.c. of 1.0% takadiastase 
solution in water were added to 20 c.c. of the water extract and incubated for 
2 hours. Two drops of toluene were added to avoid fermentation. After various 
interv'als of time ascorbic acid was extracted with acid mixture and titrated against 
the dye. 


TABLE V 


.\scorbic acid mg./lOO gni. 


Vegetable. Time of Control Test 

ineiibation. (incubation without (incubation with 

takadiastase) takadiastase) 


Fenugreek. 


.30 ^Minutes. 


175.0 

175.0 

1 Hour. 


116.0 

115.4 

2 Hours. 


77.7 

77.0 

.30 'Minutes. 


42.4 

' 42.6 

1 Hour. 


36.7 

36.2 

2 Hours. 

■* 

25.4 

25.0 
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It is evident from Table V that there ig no difference in value of the test and 
control which shows no indication of ascorbic acid present in combination wth 
carbohydrates. Oxidation takes place in spite of various precautions. 


Summary 


(i) A critical examination of the literature regarding the state in which ascorbic 
acid exists in various plant tissues has been made. 


(2) The amounts of free ascorbc acid, dehydroascorbic acid and combined 
ascorbic acid as assessed by different technique have been determined in some 
twenty vegetables. The amount of dehydroascorbic acid varies from 0-33% of 
the total amount present. 


(3) In none of the vegetables examined has any combined ascorbic acid been 
detected. No increase in ascorbic acid value could be found by any of the 
techniques used by the earlier investigators or by incubation with pepsin or taka- 
diastase which would rfelease ascorbic acid from complexes with proteins or 
carbohydrates. 
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Early work on vitamin C failed to detect any vitamin in urine (i). Later Van 
Eekelen (2) and Van Eekelen et al (3) mentioned without actual data that the reduc-- 
ing substances in urine are greater in persons consuming much fruit or higher doses 
of decitrated lemon juice. They also stated that this capacity of reduction gradually 
disappears from urine of guinea-pigs on a scorbutic diet. Harris, Ray and Ward (4) 
definitely proved the excretion of vitamin C in urine, and on the level of vitamin C 
in the urine based a method for the assessment of vitamin C sufficiency in the diet. 
They observed that normal individuals showed a surprisingly constant indophenol 
reducing capacity, the daily output being about 30-33 mg. Johnson and Zilva (5) 
confirmed this observation and showed that two factors were involved in the excre- 
tion of ascorbic acid in the urine of normal individuals, (i) the degree of saturation 
of the subject, and (ii) the magnitude of intake, and further proved that the reducing 
capacity of urine was definitely due to ascorbic acid. Abbasy, Harris, Ray and 
Marrack (6) discussed the specificity of the indophenol method for vitamin C estima- 
tion in urine in view of the statement of Van Eekelen (2) that it may also indicate 
traces of other substances present in urine e.g., thiosulphate etc. They observed 
however, that in practice, these substances were small and insignificant and hence 
the method was quite specific and adequate for clinical purposes. Ahmad (7) 
studied the reducing capacity of human urine excreted under different dietary condi- 
tions and found considerable increase in reducing action of urine on high meat diets 
without increasing the Autamin C intake and showed that the major part of reducing 
action was due to ascorbic acid. Scarborough and Stewart (8) described a method 
for the estimation of vitamin C in urine in the presence of interfering substances 
using mercuric acetate. 

Sen Gupta and Guha (g), and Banner ji. Sen and Guha (10, ii) indicated the 
existence of "ascorbigen” i.e., combined ascorbic acid in human urine, the quantity 
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increasing under certain conditions. In the present investigation a number of 
samples of urine have been examined from normal persons as well as tViose 
suffering from diseases. The observ'ations of Guha and his colleagues have been 
generally confirmed. 


Experimental 

Generally 24 hours but in some instances three hour samples of urine were 
collected from. 10 A.M. to i P.M. in presence of 10% acetic acid. Banerji (12) 
has shown that 5% of sulphuric acid is the best preservative, but it was found that 
it charred the organic matter of urine and rendered difficult the subsequent titration 
against the dye. The urine was kept in dark-coloured bottles, until titrated which 
was undertaken within a few hours of the collection of the sample. 

The aliquots of the collected urine were examined for 

(i) Free ascorbic acid, 

(ii) Dehydro-ascorbic acid, and 

(iii) Combined form of ascorbic acid. 

The method used for the estimation of the three states of ascorbic acid has been 
fully discussed in an earlier communication (Ahmad, Qureshi, and Babbar, 13), 
The results of the examination of urine sample obtained from a large number of 
normal individuals and those suffering from various diseases are recorded in Tables 
I to V. 


TABLE I 


Excretion of Ascorbic Acid in Urine of persons 
in normal health in 5 hours. 

No. 

Volume of 
total urine 
(mkl 

Ascorbie acid in total volume of urine. 

Free 

(mg.) 

Deliydro- 

(mg.) 

Combined 

(mg.) 

Total 

(mg') 

1 . 

200 

2.80 

0.20 

0.0 

3.00 

2 . 

l.j.l 

.3.10 

0.93 

0.0 

1.03 

a. 

260 

10.10 

0.00 

0.0 

10.10 

4 . 

671 . 

1.80 

0.00 

0.0 

1.80 


26.3 

2.10 

0.52 

0.0 

2.62 

e. 

280 

5.60 

0.00 

0.0 

5.60 

7 . 

100 

2.00 

0.00 

0.0 

2.00 

8. 

1.30 

1.30 

0.60 

0.0 

1,90 

9. 

l.iO 

6.00 

0.26 

0.0 

6.26 

10. 

180 

2.31 

‘2.00 

0.0 

4.31 

11. 

65 

1.01 

0.40 

0.0 

1.41 

12. 

100 

1.20 

0.08 

0.0 

1.28 

l.S. 

170 

2.21 

0.10 

0.0 

2.31 

14. 

175 

.3..30 

0.91 

0.0 

4.41 

15. 

70 

0.80 

0.50 

0.0 

I ..30 

16. 

21.3 

4.86 

1.61 

0.0 

6.50 

IT. 

120 

1.20 

0.00 

0.0 

1.20 

Average 

.3.25 

0.48 

0.0 

.3.73 
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taulk II 

Excretion of Ascorbic Acid in the tCrine of average normal individuals in 24 hours. 


Ascorbic acid in. 
Volume of 


No. 

Age 

Yrs. 

total urine 
(ml). 

Free 

state. 

( mg .) 

Deliydro 

state. 

( mg .) 

Combined 

state. 

( mg .) 

Total. 

( mg .) 

Combined 
as % of 
total. 

I. 

25 

SSR 

70.3 

11.7 

16.4 

98.4 

16.0 

2. 

25 

1 550 

70.3 

11.5 

8.9 

' 90.4 

9.8 

3. ■ 

37 

1810 

G ' l.O 

12.3 

10.7 

87.0 

12.3 

1. 

30 

1110 

03.0 

3.1 

7.9 

74.3 

10.6 

. I . 

38 

1 1 15 

.59.0 

6.7 

0.8 

72.8 

9.1 

6. 

28 

12.30 

,50.0 

7.-1 

8.7 

72.1 

12.07 

T * 

.35 

170 

.50.5 

lO.l 

4.3 

71 .2 

0.01 

S . 

25 

90 S 

00.1 

5.-1 

3.1 

08.8 

■1.9 

9. 

25 

1020 

18.5 

11.5 . 

8.3 

08.8 

12.2 

10. 

.30 

1190 

53.0 

11.2 

3.1 

08.0 

5.0 

11. 

25 

1172 

17.1 

13.1 

0.5 

07.0 

9.7 

12. 

31 

1210 

.52.0 

0.7 

7.5 

06.2 

11.3 

13. 

.35 

980 

.57.0 

1.7 

1.3 

62.7 

2.1 

It. 

22 

1015 

.50.9 

1.3 

0.7 

01.9 

10.8 

1.5. 

20 

870 

10.3 

.5.7 

11.1 

00.4 

23.9 

IR. 

25 

890 

1,3.9 

12.9 

3.1 

. 00.2 

5.6 

IT. 

21 

910 

18.0 

5.3 

6.7 

60.0 

11.2 

18. 

31 

12.30 

11.0 

10.0 

5.3 

57.5 

9.2 

19. 

30 

1100 

10.0 

7.0 

4.2 

57.2 

7.3 

20. 

30 

890 

19.0 

3.1 

1.3 

50.7 

7.5 

21. 

10 

810 

■10.3 

8.7 

7.6 

56.6 

13.4 

22. 

35 

752 

<13.8 

O . l-l 

0.5 

50.1 

11.5 

23. 

35 

l ^ l.il 

H .8 

2.7 

8.7 

50.2 

1.5.4 

21. 

30 

700 

18.7 

.3.1 

.3.2 

55.0 

,5.8 

2.5. 

.30 

810 

31.8 

10.2 

10.0 

.55.0 

18.1 

2 R . 

10 

930 

■12.1 

7.0 

4.3 

.54.3 

7.9 

27. 

10 

770 

.36.1 

10.2 

0.5 

53.1 

12.2 

28. 

27 

010 

11.1 

8.-1 

2.3 

.52.1 

4.4 

29. 

.37 

050 

.30.1 

10.5 

4.6 

51.5 

8.7 

.30. 

20 

980 

.38.0 

8.3 

3.5 

50.4 

0.9 

31. 

18 

770 

.38.5 

8.<1 

3.5 

.50.4 

0.9 

32. 

■11 

750 

. 37.8 

8.8 

3.6 

50.2 

7.1 

.33. 

M 

720 

36.3 

1 .5 

9.2 

.50.0 

18.4 

31. 

10 

950 

■10.0 

3.2 

5.4 

18.6 

11.1 

35. 

50 

070 

,30.0 

0.7 

5.6 

18.3 

11.6 

3 G . 

12 

780 

■10.5 

3.5 

3.7 

47.7 

7.7 

.37. 

■1.3 

810 

,30.3 

3.0 

6.5 

46.4 

13.9 

38. 

21 

1100 

■10.3 

2.7 

.3.0 

16.0 

6.5 

.39. 

■10 

800 

28.0 

10.0 

7.2 

1,5.2 

1.5.9 

10. 

15 

1112 

38.0 

3.8 

.3.1 

15.2- 

7.5 

■11. 

.30 

750 

,32.0 

5,8 

0.2 

14.6 

1.3.9 

12. 

.35 

820 

.35.-1 

1.4 

7.0 

1.3.8 

15.9 

13. 

25 

770 

.38.8 

1.2 

2.8 

12.8 

6.5 

11. 

■10 

810 

.36.0 

0.0 

6.7 

42.7 

15.7 

15. 

12 

1200 

26.8 

6.6 

8.0 

42.2 

20.3 

Avcraprc 

value 


■15.2 

6.7 

0.2 

58.1 

10.68 
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TABLE III 

Daily excretion of Ascorbic Acid in the mine of persons having no organic disease 

hut having poor nutrition . 


Ascorbic acid in. 


Total volume 


No. 

Age 

of urine, 
(ml). 

Free 

state. 

(mg.) 

Delij’dro 

state. 

(mg.) 

Combined 

state. 

(mg.) 

Total. 

(mg.) 

Combined 
as % ^of 
total. 

1. 

28 

030 

31.0 

G.5 

10.5 

48.0 

21.9 


HI 

718 

30..5 

10.2 

6.5 

47.0 

.30.8 


40 

1170 

2G.0 

7.2 _ 

7.1 

40.G 

18.2 

■1. 

13 

440 

25.8 

7.2 

7.3 

40.3 

'18.3 

■>. / 

12 

741 

25.0 

7.5 

G.l 

38.9 

1G.4 

(5. 

30 

(500 

2.3.4 

1.2 

10.4 

.3.5.0 

29.7 

7. 

2.) 

7G0 

24,4 

0.0 

9.9 

31.0 

28.9 

8. 

2fi 

GOO 

20.2 

G.5 

7.1 

.3.3.6 

21.1 

9. 

30 

1140 

2G.4 

1.1 

.5.8 

,33.3 

17.4 

10. 

50 

1120 

15.0 

8.0 

10.0 

.33.0 

.30.3 • 

11. 

38 

4.50 

20.0 

5.0 

3.0 

28.0 

10.7 

12. 

30 

350 

15.0 

2.0 

2.5 

19.5 

12.6 

13. 

70 

230 

14.3 

0.8 

3.4 

18.5 

18.4 

14. 

11 

1000 

7.25 

1.5 

4.99 

13.7 

.36.4 

Average 

value 


21.7 

4.G 

G.S 

3.3.1 

20.51 
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TART.E I\' 

Excretion of Ascorbic Acid in the urine of persons stiffering from 
various pathological conditions in 24 hours. 


uj A‘;rorl)ic Jicid in 

o 


d 

6 

Age (yrs.) 

0 

5 

^ 5 

0 

s: c 

6 

lA 

a 

Dehydro 
state, (nig.) 

^ to 

0 B 
.5 

S •w 

C rz 

U 

Jo 

is 

*" y-. 
c 

--0 

Disease. 

(«) 1. 

25 

1320 

12.2 

13.8 

28.6 

5 1 .6 

.52.1 

Cough, cold and 









bronchitis. 

2^ 

21 

650 

22.0 

15.0 

12.5 

19.5 

25.3 

) ) 

0 , 

2G 

560 

27.0 

3.S 

10.6 

M.l 

25.6 

> ) 

•I. 

18 

90S 

26.5 ' 

6.7 

1.1 

37.9 

12.1 

) ) 

5. 

ao 

961 

25.0 

5.9 

3.7 

.31.6 

10.7 

) f 

c. 

3« 

950 

23.6 

2.0 

6.0 

31.6 

19.0 

t y 


Average value 

22.7 

7.9 

11.0 

11.6 

26.1 


(I.) 1. 

ao 

laio 

29.0 

11.1 

17.1 

57 .S 

.30.1 

Malarial fever. 

2. 

35 

561 

.32.0 

.5.3 

11.7 

52.0 

2.8.3 

ff 

:5. 

32 

1190 

30.0 

8.3 

9.5 

17.8 

19.9 

>» 

4 , 

27 

640 

30.0 

2.3 

B.o 

10.8 

20.8 

if 

.)< 

■10 

450 

21.0 

2.2 

11.0 

40.2 

27.1 

if 

n. 

25 

660 

30.0 

3.6 

4.5 

.38.1 

11.8 

. >» 

7 . 

36 

350 

16.0 

0.2 

1.0 

17.2 

6.0 

fi 


Average value 

27.7 

1.8 

9.5 

42.0 

22.6 


(0) 1 . 

15 

450 

50.0 

31.8 

25.0 

112.8 

22.2 

Dermatitis. 

2 . 

21 

890 

30.0 

16.1 

11.0 

60.1 

2 . 3.1 

% ) 

a. 

25 

1380 

11.1 

9.1 

12.8 

.36.0 

35.5 

) > 


Average value 

31 . 4 . 

21.1 

17.2 

69.7 

21.9 










jlfiseehnncoiis. 

{<!) 1 . 

20 

2430 

51.9 

4.5 

.53.1 

109.8 

18.5 

Diabetes. 

2. 

36 

400 

18.5 

18.3 

18.7 

55.5 

.33.7 ] 

Intestinal colic. 

a. 

35 

330 

20.8 

4.9 

8.3 

.30.0 

27.1 J 

' J 1 

4 . 

38 

150 

,30.1 

.3.9 

6.8 

40.8 

16.6 

Colitis. 

5. 

43 

613 

28.0 

12.1. 

11.5 

.54.9 

.33.3 

Dropsy. 

fi. 

32 

1200 

17.7 

13.8 

10.5 

42.0 

25.0 

Renal colic. 

7. 

28 

75fi 

.30.2 

12.0 

10.1 

.52.6 

19.9 

Hepatitis. 

s. 

38 

13.30 

30.3 

. 2.4 

10.5 

1 . 3.2 

21.3 

Cellulitis. 

n. 

36 

510 

18.1 

14.6 

1.9 

31.6 

5.(7 

Paraplegia. 

10. 

50 

750 

.35.7 

5.9 

8.1 

.50.0 

16.8 

Alonoplegia. 

11. 

45 

300 

17.2 

1.1 

1.9 

23.8 

20.5 

•Ascites. 

12. 

60 

600 

11.1. 

1.8 

1.8 

15.0 

11.9 

Sciatica. 

13. 

35 

330 

20.8 

0..9 

8.3 

.30.0 

27.7 

Colitis. 

If. 

36 

530 

16.1 

2.3 

3.3 

21.7 

15.2 

(lonococcal in- 









fection a n d 









pain in joints. 


jVverage value 

21.8 

6.8 

1 1 .55 

13.15 

26.8 
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TABLE V 

Excretion of Ascorbic Acid in the urine of persons suffering from 
pulmonary tuberculosis in 24 hours. 


No. 

Volunio of 
total urino. 
(ml.) ' 

A<;corl)ie 

aeid in mg. /total 

volume of 

urine in the 

Free and 
deliydro 
state. 

(ms-) 

Combined 

state. 

(n'K) 

Total. 

(>ng.) 

Combined as 
% age of 
total. 

]. 

l.)00 

30.00 

.30.00 

00.00 

.50.00 

0^ 

filO 

10.02 

8.90 

19..58 

42.20 

». ■ 

'ion 

20.00 

20.00 

40.00 

.50.00 

•1. 

1100 

11.00 

2.7.5 

13.7.5 

20.00 


lonn 

10.00 

10.00 

.50.00 

20.00 

fi. 

].3fin 

9.10 

0.81 

10.00 

42.70 

7. 

1000 

10.00 

10.00 

.50.00 

20.00 

8. 

2100 

09.00 

00.00 

129.00 

40. .30 

9. 

]9(!0 

19.00 

19.00 

98.00 

.50.00 

10. 

1100 

1.3.20 

5.50 

18.70 

29.40 

n. 

1080 

18.30 

12..53 

30.89 

40.00 

12. 

1200 

.30 ..51 

21.40 

01.00 

40.10 

13. 

800 

20.10 

13.00 

10.00 

31.00 

IL 

820 

8.20 

8.20 

10.40 

.50.00 

15. 

1100 

11.00 

11.00 

2.3.20 

.50.00 

16. 

1900 

70.00 

19.00 

9.5.00 

20.00 

17. 

700 

3.,5n 

4.90 

8.40 

.5S..30 

18. 

010 

■12.20 

37.80 

80.00 

47.30 

19. 

710 

37..3n 

2 1 .20 

01 ..50 

.39..30 

20. 

1.30 

.3.3..30 

20.70 

.51.00 

.38..30 

21. 

810 


21.70 

.5.3.00 

40.00 

22. 

900 

32.80 

20.70 

.5.3..50 

38,00 

2.'!. 

970 - 

.32.00 

18.90 

.51. .50 

30.00 

21. 

1700 

2S..30 

20.20 

48..50 

41.00 

2.1. 

11.50 

2.5.00 

23.00 

48.00 

47.90 

W. 

1100 

.30..30 

10.70 

47.00 

3.5..50 

27. 

1000 

21.10 

22. 10 

40.00 

48.10 

28. 

.510 

29.20 

1,5..30 

11. .50 

3t.;50 

29. 

10.50 

2.5.3.5 

18.00 

43.3.5 

41„50 

.-SO. 

870 

28.00 

10.00 

42.20 

37.10 

31. 

2000 

2.5.10 

10.80 

41.90 

40,10 

.32. 

000 

21.00 

10.00 

40.00 

41.10 

.3.3. 

131.5 

19.40 

1.5.00 

3.5.00 

37.20 

.31. 

1.300 

2n..50 

12.00 

.32.20 

41. .50 

Avpi-nfrc 

value 

28.20 

18.70 

40.90 

.39.90 
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Discussion 


The urine of 140 persons has been examined for free, dehydro, combined and 
total ascorbic acid. The data can be arranged in 8 groups, as shown in Table VI. 


If the first group which includes persons in normal health, the average total 
e.xcretion \Yas 29"84 mg. which is the lowest average figure when all the groups are 
taken into consideration. This group includes persons in which no combined 
ascorbic acid has been detected. It may be pointed out, however, that only 3 
hours urine (10 A.M. — i P.ll.) of the persons in this group was examined. It is 
possible that multiptying these figures by 8 does not represent the true daily output 
of ascorbic acid, and in those hours of the day no appreciable amount of combined 
ascorbic acid is excreted. 


The second group includes 45 persons in average normal health and of different 
ages (Table 11 ). These investigations were undertaken in the months of June and , 
Juty which is the mango season when rather large amount of mangoes are consumed. 
The total output of ascorbic acid in this group was between 42 and 98 mg. (a^'erage 
58 mg.), of which 78.3% was found to be in the free state, 11.3% as deh3'dro 
ascorbic acid, and 10.4% in the combined state. In the next category (Table III) 
14 persons with poor nutrition w’ere grouped. They showed an average total 
excretion of 33 mg. of which 67.1% was free, 13.0% dehydro and 19.4% 
combined ascorbic acid. 


Next four categories constitute groups of persons with respiratory diseases, 
malarial fever, dermatitis and miscellaneous pathological conditions. Their total 
average excretion of ascorbic acid • varied from 28.0 — 43.2 mg. of which 
15.3 — 26.0% was found to be in the combined state. 


The last group consists of 34 patients suffering from pulmonary'’ tuberculosis 
(Table V). These were cases from a local hospital. Their average total dail}? out- 
put worked out to be 46.9 mg. of which as much as 39.7% was in the combined 
state. The diet of these patients was rich in fruits and \'egetable5 and hence the 
rather high output of total ascorbic acid. 



Average daily output of Ascorbic Acid {ing.) by groups 
of persons in health and disease. 
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II would be noticed that generallj' speaking all the individuals examined had 
rather high total output of ascorbic acid in the urine. This would indicate that 
almost all the persons were in a good state of nutrition with respect to vitamin C. 
It is doubtful whether anj^ significance can be attached to the amount of dehydro- 
ascorbic acid present in the samples of urine examined. It may onl}? represent an 
oxidation which takes place during the interval between the time of excretion and 
examination of the urines. 


The amount of combined ascorbic acid found in the urine of different groups 
of individuals is rather striking. The first group of persons in normal health showed 
none at all. The second group of persons in average normal health showed an 
average of 10.4% combined ascorbic acid. Again persons in poor nutrition, or 
har'ing mild forms of infections such as respiratory disease, dermatitis, or miscella- 
neous pathological conditions and even malarial fever had as much as 15 — 26% of 
the urinarjr ascorbic acid in the combined form. In an acute and heavy infection 
such as that of pulmonarj^ tuberculosis the percentage of combined ascorbic acid 
excreted in the urine was high, generally between 30 and 50% (average 39.7%). 
It is significant and supports the view of Bannerji, Sen and Guha (9) that vitamin C 
may act as a detoxicating agent combining with the toxins in the bod3u 


SUJDIARY 


The dailj' excretion of ascorbic acid in the urine of 140 persons of different 
ages and in different conditions of health and disease has been estimated. The 
ascorbic acid was estimated as existing in free, dehydro and combined forms. 


The total output of ascorbic acid in all the individuals examined was somewhat 
high indicating a satisfactory;^ state of nutrition with respect to this vitamin. This 
maj; be due to the fact that the observations were made during the season when 
mangoes are plentiful and cheap and find their way into the dietary; of individuals 
at all economic levels. 


Generally; speaking 60 — 90% of the ascorbic acid excreted is in the free state, 
10 — 50% in dehy;dro form and 10 — 40% in the combined state. No significance 
can be attached to the dehy'dro form, but the value of combined ascorbic acid 
increases in pathological conditions. It is quite high in the case of patients suffering 
from pulmonary; tuberculosis which may be taken to support the view of Guha and 
his colleagues that ascorbic acid may act as a detoxicating agent. 
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OBSERVATIONS ON ASCORBIC ACID 
PART III: EFFECT OF METHODS OF PRESERVATION ON 
ASCORBIC ACID CONTENT OF FRUITS. 


BxVSIllR AHMAD M. R. TOOSY 
From tlio Punjab Vniccrsity Instilulc of Chemintrn, Lahore. 


(Recci\e{l for publicution July ], 1915) 


Considerable work has been undertaken in other countries on the effect on 
ascorbic acid content of processed fruits notable among which is that of Mamie 
Olliver (i). The present war has given great stimulus to the canning industry in 
this country. These rapid developments, however, in the absence of competition 
and the stress of war, ha^’e led to the emplo 3 'ment of processes which are by no 
means conducive to the retention of the maximum nutritive value of the fruit. 
Through arrangement with a local firm, we have examined a number of preserved 
fruits, when freshly canned and after storing for a certain period. The results are 
reported in the Table I. The usual technique of assay was emploj'ed, the dehydro- 
ascorbic acid present having been reduced with hydrogen sulphide. 


T.VHLE I 


Name of 
Foodshiif. 

Fresh 

fruit. 

F reshly 
canned. 

Asi'orhic 

after 

7 days 

acid in ni" per 100 fr 

15 days 30 days 

GO days 

90 days 

Manpio cluitnoy 

3G.2 

27.0 

•25.C, 

21.7 21.5 

21.1 

22.9 

Tomato chutney 

11.8 

28..'> 

28.0 

27.(! 

27.5 

27.3 

27.0 

3raup:o pickle 

fil..') 

17.2 

12.1 

3().(; 

.33.5 

30.7 

31.0 

Lemon pickle 

ofi.T 

.72.0 

11..) 

3fi.S 

.31.1 

33.G 

.32.0 
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The data show that there was considerable loss of ascorbic acid in the process 
emplo3’ed for preservation. The loss is highest in the case of tomato being as much 
as 32% and least in the case of lemon about 8%. In the mango there was a 
slightly greater loss in the chutney (25.4%) than in the pickle (23.2%). After this 
initial loss there is a slow but progressive deterioration during storage in the first 
fortnight after which the rate of loss seems to be still smaller. Total loss of ascorbic 
acid during three months’ storage was only about 5.2% in the case of 
tomato chutney, 15.2% in mango chutney, 34.3% in. mango pickle, and 
38.4% in the case of lemon pickle. 
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NEW HAEMOSTATIC AGENTS. PART II. RELATION BETWEEN 
CHEMICAL CONSTITUTION AND HaEMOSTATIC ACTIVITY 
AS OBSERVED IN VITRO 

- P. K. BOSE, P. B. SEN and K. CHAKRA VARTI 
From the Department of Chemistry, University College of 
Science and Technology, Calcutta. 


(Received for publication, April 10, 1914) 

In Part I, an account of the hsemostatic activity of ayapanin ( = herniarin) 
and ayapin, two natural coumarins isolated from Eupatorium Ayapana, Vent., 
has been given (i). The present communication describes the relationship between 
haemostatic action, as observed in vitro, and chemical constitution of some com- 
pounds which are structurally related to these two compounds. 

The clotting time of blood has been determined by the method followed pre- 
viously. The hemostatic activity ( = H.A.) has been calculated in accordance 
with the formula given in Part I. Hemostatic activity of the order of ±8 and 
less has been omitted from the tables, as such values have hardly any significance. 
Results obtained with various compounds are shown in the following tables. 


TABLE I. 

Coumarin, wnhelliferone and O-suhstihded UmbelUferones. 


Name of compouiicl. 


Normal 
clotting 
time (ii) : 

Min. -Secs. 

Observed 
clotting 
time (o) : 
Min. -Secs. 

H. A. 

(Hcemostatic 

activity). 

Coumarin 


-1-15 

1-41. 


Umbelliferone 


1-45 

1-40 


7 -Methyt-umbelliferone (ayapanin) 

1-45 

0-55 

47 

7-Etbyl- ,, 


1-50 

1-7 

39 

r-ii-Propyl- „ 


1-50 

1-20 

27 

7-isoPropyl- ,, 


1-45 

1-21 

23 

7-Allyl- 


1-50 

l-SO 

18 

7-n-Butyl- ,, 


1-15 

1-48 

... 

7-i.'!oButyI- ,, 


1-45 

1-32 

12 

7-Benzyl- ,, 


1-45 

1-24 

19 

7-Etliylenebis- ,, 

(I) 

2-00 

2-10 


7-Trimetliylenebis- ,, 

(H) 

2-00 

1-55 

... 

Uinbelliferone-7- acetic acid 

(HI) 

2-00 

2-10 

... 

Acetylumbelliferono 

(IV) 

1-50 

1-45 

... 
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From the above data it is evident that the coumarin nucleus itself does not 
induce the physiological action. The introduction of an -OH in position 7 does 
not make any difference. Alkylation of the phenolic group however brings about 
a profound change. It is moreover evident that the haemostatic activity is maxi- 
mum in the case of methyl umbelliferone, but diminishes, as a rule, with increase 
in the weight of the alkyl group. The isomeric propyl derivatives possess almost 
identical activity, but the introduction of a double bond in the alkyl chain (as 
in the allyl compound) causes the activity to be diminished. Between the two 
butyl compounds, the zso-compound has a slight activity, whereas the normal one 
is inactive. Although the benzyl group is much heavier than allyl, the activity 
is found to be of the same order. The compounds (I, II, III and IV) are without 
activity showing that mere etherification or esterification of the phenolic group 
cannot be responsible for the development of haemostatic properties. 






R-(CH2)2-R 

(I) 

where R = 

-o'V'x^co 

0 

R-(CHo)3-R 

(II) 

Me 

CO 

R-CH2.C02H 

(III) 

MeOV^OcO 

0 

1 1 1 
MeOV^X/Me 

0 

R-CO.CH3 

(IV) 

(V) 

TABLE II. 

(VI) 


'/-Alkoxy-^-methylcoumarws. 


N.ime of compound. 

Normal 
clotting 
time (n) : 
Min.-Secs. 

Observed 
clotting 
time ( 0 ) : 

Min. -Secs. 

H. A. 

7-lM ethoxy-'l -methylcou mnri n 

1-48 

1-1 

44 

7-Ethoxy- ,, 

2-00 

1-5.8 

... 

7-7i-Propoxy- ,, 

2-00 

1-50 


7-!soPropoxy- ,, 

2-00 

2-00 


7-n-Butoxy- ,, 

2-00 

1-48 

10 

7-isoButoxy- ,, 

7-Methoxy-6-chloro- 

3-55 

2-00 


<l-meth}’lcoumarin 

2-15 

2-5 

... 


From the above table it will be seen that 7-methoxy-4-methyl-coumarin pos- 
sesses a strong haemostatic action which is comparable to that of 7-methoxy- 
coumarin. The introduction of a chlorine atom in position 6 completely suppresses 
the action. The replacement of the methyl group by other alkyl groups also 
completely stops the activity except in the case of the ^j-butyl compound which 
has a feeble action. 
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TABLE III. 

y-Methoxydialkyl-coumarins and two chromones. 


Name of compound. 

Normal 
clotting 
time (n) : 
Min.-Secb. 

Observed 
clotting 
time (o) : 
Min. -Secs. 

H. A. 

7-Metlio.xy-3 : 4-dimethyl- 




coumarin (V) 

1-35 

1-37 


T-Ethoxy- ,, 

1-40 

1-4C 


7-Methoxy-3-ethyl-4-methylcoimiarin 

1-40 

l-IO 


7-Methoxy-3-benzyl-4-methylcoumarin 

2-15 

1-58 

13 

7-Methoxy-2 :3-dimethylchromone (VI) 

1-37 

1-22 

16 

7-Methoxy-2-methyl-3-sljvylchromone 

2-10 

2-00 

... 


These data indicate that the haemostatic activity of 7-riiethoxy-4-inethyl-cou- 
naarin is much reduced or suppressed by the introduction of alkyl substituents in 
position 3. The chromone (VI), which is isomeric with the coumarin (V), shows 
definite, though feeble, activity. It is therefore probable that heterocyclic com- 
pounds other than coumarins may also share this interesting physiological 
property. 


TABLE IV. 


Dihydroxycoiimarins and some of their derivatives. 


Name of compound. 

Normal 
clotting 
time (n) : 

Min. -Secs. 

Observed 
clotting 
time ( 0 ) : 
Min.-Secs. 

H.' A. 

Esculetin 

1-42 

1-39 

... 

Daphnetin 

1-42 

1-40 


Scopoletin 

1-30 

1-15 

17 

Scopolin 

1-50 

1-47 

... 

Esculetin dimethyl ether 

1-50 

1-26 

22 

„ methylene ether (ayapin) 

1-48 

0-57 

47 

Daphnetin dimethyl ether 

1-30 

1-00 

83 

Dihydroayapin 

2-00 

1-58 



Esculetin and daphnetin, like umbelliferone, are inactive. Activity appears 
after methylation of the —OH in position 6, but this feeble activity is suppressed 
by the introduction of a glucose residue as in scopolin. Solubility in water has 
no relation with the hcemostatic activity, because scopolin is easily soluble in 
water. Etherification of the —OH group of scopoletin increases the activity, as 
is to be expected, but the degree of increase is less than that observed in the case 
of the methylene ether, ayapin. Daphnetin dimethyl ether is more active than 
esculetin dimethyl ether showing that the — OMe group in position 8 is more 
powerful than that in position 6. The activity completely vanishes on reduction 
of the p5u:one double bond as in 3 : 4-dih3^droayapin. 

In this connection it was thought desirable to study some natural coumarins 
of a more complex nature. The results are given in Table V. 
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TABLE V. 

Some Natural Coumarins. 




Normal 

Observed 


Name of compound. 

clotting 
time (it) : 
Min.-Sec.s. 

clotting 
time ( 0 ) ; 

Min. -Secs. 

H. A. 

Angelecin 


1-3.5 

< • « 

Psoralen 

1-38 

l-3« 


Bergapten 

1-2.5 

1-32 


Xantliotoxin 

1-82 

]-,3.5 


Imperatorin ( = Marmelosin) 

1-32 

1-32 


Seselin 

1-32 

1-.3.5 



It will be seen that none of these compounds possess any haemostatic activity. 
The results so far obtained indicate that haemostatic property is not inherent in 
the coumarin nucleus, but manifests itself, in a striking manner, only on introduc- 
tion of an alkoxy group in a suitable position. No effects are observed when the 
oxygen atom in position 7 forms part of a furan or chromene ring. 

It occurred to us that the haemostatic action might be shared by compounds 


other than coumarins, but which are genetically related to 7-methoxycoumarin, 
or which have some close analogy in configuration with it. The following table 
summarises the results obtained with such compounds. 

' TABLE VI. 

Name of compound. 

Normal 
clotting 
time (ji) : 
Min.-Secs. 

Observed 
clotting 
time ( 0 ) : 
Min. -Secs. 

H. A. 

2-Hydroxy-4-methoxy-benzaldehyde 

1-40 

1-22 

18 

2-Hydroxy-4-metlioxy-acetoplienone 

1-40 

1-9 

31 

2-Hydrovy-3-methoxy-benzaldehyde 

2-00 

2-5 


3-Hy droxy-4 -methoxy-b en zal d ehy de 

2-00 

1-.53 

... 

4-Hydroxy-3-methoxy-banzaldeliyde 

2-15 

2-18 

... 

4-Methoxycinnamic acid - 

1-25 

1-28 


■t-Metboxycoumaric acid 

1-25 

1-5 

23 

4-Metboxybenzoylpropionic acid 

2-00 

1-54 


Resorcinol monomethyl ether 

Decomposition of RBC 


3-Methoxyphenyl acetate 

2-15 

1-00 

.55 

3-Methoxj'phenyl benzoate 

1-57 

1 - 54 . 

' ... 

3-AIethoxyphenyl cinnamate 

2-00 

1-25 

29 


The above table presents a very interesting picture. Of the four isomeric 
hydroxymethoxybenzaldehydes, only the 2-hydroxy-4-methoxy compound has got 
a marked activity. The replacement of the — CHO group of this compound by 
-CO.CHj enhances the activity. 4-Methoxycoumaric acid has a definite action. 
Resorcinol monomethyl ether behaves like phenol in bringing about a deep seated 
change in blood corpuscles. Its benzoate is inactive, but the cinnamate and 
acetate are active. . 




KELATION BETWEEN CHEMICAL CONSTITUTION- AND HAEMOSTATIC ACTIVITY 


Experimental 

The clotting time of blood was determined by means of the technique describ- 
ed in detail in Part I. 

Many of the compounds which have been studied in this paper are known. 
They were either prepared by known methods, or procured from the market. Only 
new compounds are described below. 

Preparation of Alkoxycoiiniarins A general method of preparation consists 

in the condensation of umbelliferone with the appropriate alkyl halide in molecular 
proportions in dry acetone in presence of two molecules of anhydrous potassium 
carbonate. The duration of heating under reflux varied from 4 to 6 hours. The 
filtered acetone solution was then evaporated to dryness, and the residue was 
washed with cold water to remove potassium salts. The unchanged umbelliferone 
was removed by treatment with 1% aqueous alkali. The purified product was 
then distilled in high vacuum and crystallised from suitable solvents. 

y-Ethylumbelliferone (from umbelliferone and ethyl iodide) formed colourless 
needles, m.p. 89° (dilute alcohol). Yield 85% ; ra.p. in literature 88''. Blue violet 
fluorescence in concentrated sulphuric acid. 

y-n-Propylumbelliferone (from «-propyl iodide and umbelliferone) formed 
colourless plates from dilute alcohol, m.p. 64°. Yield 80%. Blue fluorescence 
in sulphuric acid. (Found; C, 70.69 ; H, 5.72. CijHisOj requires C, 70.60 ; H, 
5.88%). 

y-iso-Propylumbelliferone formed colourless needles, m.p. 57-58°. Yield 
82%. Blue violet fluorescence in sulphuric acid. (Found; C, 70.50 ; H, 5.74. 
CuH.sOs requires C, 70.60 ; H, 5.88%.) 

y-n-Butylumbelliferone. Colourless prisms from dilute methyl alcohol, m.p. 
40°. Yield 75%. Blue fluorescence in sulphuric acid. (Found; C, H, 

6.52. CuHuOj requires C, 71.55 ; H, 6.42%.) 

y-iso-Butyhimbelliferone formed colourless prisms from dilute methyl alcohol, 
m.p. 80°. Yield 60%. Blue fluorescence in concentrated sulphuric acid. (Found; 
C, 71.93 : H, 6.54. CijHi.O, requires C, 71.55 > H, 6.42%.) 

y-Allylumbelliferone formed needles from ether-petroleum ether, m.p. 86-87°. 
Yield 90%. Sky blue fluorescence in sulphuric acid. (Found; C, 7^-64 '• H, 
5.06. CuHioOj requires C, 71.29 ; H, 4.95%.) 

y-Benzyhimbelliferone (from benzyl chloride and umbelliferone) formed colour- 
less rectangular crystals from dilute alcohol, m.p. 155°. Yield 60%. (Found; 
C, 76.12 ; H, 4.48. CuHi-O, requires C, 76.13 ; H, 4.76%.) Violet fluorescence 
in sulphuric acid. 

Bis-unibelliferone-y-ethylene ether (I) from i mol. ethylene bromide and 2 
mols. umbelliferone. Needles from pj^ridine-alcohol, m.p. 226°. Yield 5 o%- 
Violet fluorescence in sulphuric acid. (Found; C, 68.29 ; H, 3.95. CsoHi.O. 
requires C, 68.57 ; H, 4.00%.) 

Bis-umbelliferone-y-trimethylcne ether (II) from trimethylene bromide (i mol.) 
and umbelliferone (2 mols.). Colourless ctystals from pyridine, m.p. 181-2°. 
Yield 50%. Violet fluorescence in sulphuric acid. (Found; C, 69.47 ; H, 4.44' 
C»H» 0 . requires C, 69.23 ; H, 4.40%.) 
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Umbelliferone-y-ciceiic acid was prepared by using molecular proportions of 
monochloracetic acid and umbelliferone, but an excess of potassium carbonate. 
The residue after removal of the solvent was acidified with hydrochloric acid. 
The precipitate was collected and dissolved in dilute sodium carbonate and filtered. 
The filtrate on acidification gave a precipitate which was crystallised from water. 
Colourless needles, m.p. 210-12°. Yield 40%. Violet fluorescence in sulphuric 
acid. (Found: C, 60.19 <’ 3-48. CuH.Os requires C, 60.00 ; H, 3.64%.) 

4-Alkylumbelliferone alkyl ethers were prepared by the general method already 
described. Some of these have already been described by Pfau (2). The »-propyl 
ether melted at 78° (lit. 72-3°) and the tsobutyl compound had m.p. 57° (lit. 55-6°.) 

^-Methyl-y-isopropylumbelliferone formed colourless needles from dilute alco- 
hol, m.p. 88°. Yield 60%. Violet fluorescence in sulphuric acid. (Found: C, 
71.61 ; H, 6.23. CuHi.Oj requires C, 71.55 H, 6.4%.) 

^-Methyl-y-n-butylwnbelliferone had m.p. 51°. It formed thick colourless 
crystals and gave a violet fluorescence in sulphuric acid. Yield 40%. (Found: 
C, 72.02 ; H, 6.71. CnHieOj requires C, 72.41 ; H, 6.90%.) 

Daphnetin dimethyl ether was prepared from i mol. daphnetin and 2 mols. 
methyl iodide. Needles from dilute alcohol m.p. 118-9°. Yield 50%. Yellow 
colour in sulphuric acid. (Found: C, 64.19 ; H, 4.71. CuHioOi requires C, 
64.07 ; H, 4.85%.) 

2-Methoxyphenylbenzoate was prepared from resorcinol monomethyl ether 
and benzoyl chloride. Colourless flakes from dilute alcohol, m.p. 110-11°. 
(Found: C, 73.67 ; H, 5.10. C„HnOj requires C, 73.69 ; H, 5.26%.) 

^-Methoxyphei^ylcinnamate was likewise prepared from cinnamoyl chloride 
and resorcinol monomethyl ether. Colourless plates, m.p. 120-21°. Yield 60%. 
(Found: C, 75.32 ; H, 5.80. Ci.HwOj requires C, 75.60 ; H, 5.5%.) 

Resacetophenone monomethyl ether and resorcylaldehyde monomethyl ether 
could also be prepared by the general method using molecular quantities of methyl 
iodide and the appropriate phenol. 


Summary 

The hemostatic activities of a number of compounds allied to ayapahin 
(=7-methoxycoumarin or herniarin) have been determined. Of these 4-methyl- 
7-methoxycoumarin, daphnetin dimethyl ether and 3-methoxyphenyl acetate have 
been found to possess considerable activity. 
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Investigators of drugs and plant constituents are often confronted with the 
problem of removal of chlorophyll from extracts of plant materials. During the 
various treatments to which the extracts must necessarily be subjected, chlorophyll 
may suffer partial decomposition. During the process of concentration of the 
extracts, chlorophyll or its decomposition products often form a gummy mass 
with the resinous or oily constituents present in the extract. This dark green 
insoluble gummy product often carries down appreciable amounts of those con- 
stituents which are being attempted to be isolated in a pure condition. The 
presence of much chlorophyll in the extract therefore not only interferes with the 
facile isolation of plant constituents but may also decrease their yields. So far 
as the present authors are aware no attempts have been made to evolve a suitable 
method for the removal of chlorophyll from extracts or percolates without mate- 
rially affecting the yields of the desired products. In the following lines an 
account of the attempts made to solve the problem is presented. 

Of all the solvents, alcohol is most frequently used for the isolation of organic 
plant constituents, although it has a greater solvent action on chlorophyll. 
Chromatographic separation of chlorophyll from alcoholic extracts, which must 
necessarily contain varying amounts of water derived from the plant materials, 
is not feasible. Charcoal was not found to be effective. The idea of generating 
a suitable adsorbent in sHu then occurred to us, and lead sulphide was selected 
for this purpose. The results of various experiments carried out with lead sulphide 
are described below. 
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Experimental 

Fresh leaves (2.5 g.) of different plants were extracted successfully with small 
quantities of boiling commercial methyl alcohol, till they were completely exhaust- 
ed. The combined extracts were then made up to 50 cc. in each case. 

Method I — ^To 20 cc. of this extract, 0.5 cc. of lead acetate solution (40 g. 
lead acetate in 100 cc. water) was added and mixed well. Hydrogen sulphide 
was then passed through the mixture till the precipitation was complete. The 
precipitated lead sulphide was then filtered off under suction, and the visual colour 
of the filtrate as also its flourescence in ultra-violet light was noted. 

Method II — Hydrogen sulphide was passed through 20 cc. of the extract till 
saturated, and then 0.5 cc. of the lead acetate solution was added with stirring. 
After removal of lead sulphide the colour of the filtrate as also its fluorescence in 
' ultra-violet light was noted. 

The fluorescence (ultra-violet) of a diluted (i ; 100) solution of the correspond- 
ing alcoholic extract was also observed. A comparison of the intensity of fluore- 
scence observed with the filtrates and the diluted solution enabled us to form a 
semi-quantitative idea of the amount of chlorophyll left after treatments by 
Methods I and II. The results are given in Table I. 


TABLE I. 


Twenty cc. of extract represent chlorophyll in i g. of fresh leaves. The 
diluted extract was made up of o.z cc. extract arid ig .8 cc. alcohol. 


Name of plants. 

Colour 

Method I 

of filtrate 

Method II 

Ultra-violet 
Filtrate 
(Method I) 

flouresrence of 
Filtrate 
(Method II) 

Diluted 

solution 
(1 :100) 

Canna sativa 

Bright yellow 

Bright yellow 

Nil. 

Nil. 

Distinctly 

bluish 

Clitoria tcrnatca 

it 

♦ » 

?> 

Very weak 

green 

it 

Ficus religtusa 

Pale yellow 

Pale yellow 

»» 

Nil. 

tt 

Heliautlius annus 
Hibiscus 

Colourless 

Greenish 

yellow 

*r 


it 

rosa-chinensis 

Pale yellow 

Bright yellow 

s f 

tt 

It 

Tinpatiens haham 

Colourless 

Yellow 

tr 

tt 

tt 

Jasniinum sanlhac 

Pale yellow 

Pale yellow 

»> 

l» 

tt 

Nyctanthcs 

arhoriristis 

Bright yellow 

Bright yellow 

0 

ft 

if 

Tahemcemontana 

coronarta 

Pale yellow 

Pale j’-ellow 

J» 

tf 

tt 

Tagetes crccta 

> » 

•• 

) ) 

tt 

r 
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From the above table it would appear that both the methods are almost 
equally suitable for removing chlorophyll, and that the amount of chlorophyll 
left after the lead sulphide treatments never exceeded 0.5% of the amount origin- 
ally present. In other words the method is efficient to the extent of 99.5%. 

Similar experiments were carried out with sun-dried and air-dried leaves. 
The results are tabulated below. In this case 20 cc. extract represent chlorophyll 
in I g. of the dried material. 


TABLE II. 


Name of plant. 

Colour 
Aletliod I 

(A) 

of filtrate 

Method 11 

(B) 

Ultra-violet 

(A) 

floiirescenco of 

(B) 

Alacasia inclicn 

Bright yellow. 

Bright yellow 

Nil. 

Nil. 

Canna satira 

Yellow 

)« 

ft 

ft 

Ficus religiosa 

Pale yellow 

Pale yellow 

ft 

ft 

HeUanthns annus 

Almost colour- 

Almost colour- 

ff 

tt 


less 

le.ss 



MichreJia Champaca 

Pale yellow 

Pale yellow 

ff 

tt 

Raphnus satirus 


Yellow 

ft 

Very weak 

Ttthermetnnntaua rnrouaria 

Colourless 

ColourJe.ss 

tt 

Nil. 


The methods are, therefore, applicable, to dry materials also. 


Having thus demonstrated the suitability of the method, the minimum amount 
^of lead acetate necessary for the complete removal of chlorophyll was determined. 
Varying amounts of lead acetate solution were added to 20 cc. of extract (£:^i g. 
dried material). Method I was used and the colour of the filtrate noted, 

TABLE III. 

Canna saliva extract; i cc. lead acetate = 0.35 g. 


Load acetate 
added. 


Colour of filtrate. 


0.1 cc. 
0.1. T cc. 


0.2 cc. 


0.2.') cc. 
0..3 cc. 
0.4' cc. 


O..! cc. 


Distinct fjrecn 
Green, but less’ intense 
Faint frrecn 
Bright yellow 

>> 

It 


These experiments show that lead acetate equal to 9% of the weight of plant 
material taken is sufficient for the removal of chlorophyll. Obviously the amount 
would differ with different plant materials, but not to a large extent, if leaves are 
used. The minimum amount of lead acetate required can be determined in indi- 
vidual cases, by means a preliminary e.xperiment, and it is advisable not to use 
a large excess of the acetate. 

2 
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Experiments were then conducted with a view to observe the amount of 
recovery of an alkaloid and a flavone after the lead sulphide treatment. Canna 
saliva extract (20 cc.) with var3dng amounts of gardenin and stiychnine acetate 
were subjected to Method I, using the minimum of lead .acetate, that is 9%. 
Results are given in Table IV. 


TABLE IV. 



G.irdenin 


.Strj'clinine 


Added. 

Recovered. 

Added 

Recovered 




(acetate) 

(base) 


O.l.'j g. 

0.132 g. (88%) 

0.128 g. {8«%) 

0.05 g. 

0.012 g. (9(5.5%) 
0.011 


0.1 g. 

0.08 g. (80%) 

0.15 g. 

0.097 g. (78%) 



0.092 g. (92%) 


0.099 





0.101 


0.05 g. 

0.042 g. (81%) 

0.04G g. (92%) 

0.1 g. 

0.078 g. (95%) 

0.081 


0.023 g. 

0.018 g. (72%) 





From the data it would appear that the recovery is fairly satisfactory, but 
in the case of strychnine, the recovery" tends to be less than 95% if the concentra- 
tion of the alkaloid is higher than 0.5% in the extract. 

Copper sulphate has also been used in place of lead acetate. But freshly 
precipitated copper sulphide is not as effective as lead sulphide, inasmuch as 24% 
of copper sulphate are necessary as against 9% of lead acetate. 


Summary 

A method for the removal of chlorophyll from alcoholic extracts of plant 
materials has been evolved. It is simple and inexpensive. It does not seriously 
interfere with the isolation of active principles of plants. 
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INVESTIGATIONS ON THE NEW ANTIDIABETIC PRINCIPLE (AMELLIN). 
PART VI. ITS ROLE IN THE PREVENTION OF EXCESSIVE 
PROTEIN CATABOLISM IN DIABETES 

M. C. NATH VXD N. K. CHOWDHURY 
Fioin the Physiological section. Chemical lahoutlotg. 

University of Dacca. 

(Received for publication April 20, 191-1) 

Diabetes mellitus has been classed as one of the wasting diseases, characterised 
by high urinary nitrogen excretion or bj? the high level of blood-non-protein- 
nitrogen. Some hold, however, that there is no appreciable rise in protein 
catabolism in cases of diabetes (i). But it has been overlooked by them that 
diuresis helps the system to excrete the large quantity of nitrogenous products 
formed and maintains the limit of blood non-protein-nitrogen, which is taken 
as normal by them. 

Lauter and Jenke (z) observe that in severe ketosis excretion of nitrogen 
in urine becomes very great and it has been shown by Bulger si al (3) that in 
most severe stage of acidosis blood protein nitrogen is also elevated thus showing 
that both the food and body proteins are sacrificed wastefully. It has also been 
known from the work of Gaebler and Murlin (4) that injection of phlorhidzin, 
which acts as a kidney poison, causes increase of protein metabolism and 
excretion of nitrogenous substances in urine. Wilder et al (5) have shown that 
when a protein diet is prescribed for a diabetic individual, his condition soon 
becomes serious and this can be remedied by substituting the excess protein by 
carbohydrate and fat. This finding -as well as the claims of Petren (6) that a 
diabetic requires less protein than a normal person, indicate clearly that the 
metabolism of protein also gets disturbed in case of diabetes mellitus. Wright (7) 
points out that if a protein meal is given to a starving diabetic D and N 
excretions are increased but D:N ratio still remains constant. This suggests that 
both sugar and nitrogen come from the same source i.c. the tissue protein. 

This present paper will give further confirmation to these findings regarding 
the condition of protein metabolism in diabetes specially through investigab'on 
of the concentration of urea, uric acid and creatinine in urine and urea and 
creatinine in the blood of diabetics. This will also be showm how the new 
anti-diabetic principle, amellin, which has been found to reduce hj^pergtycemia (8) 
and lipemia (9), can also^'set excessive protein metabolism in proper order by 
reducing the concentration of these nitrogenous substances. 
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Urea, Uric Acid and Creatinine in Blood and Urine 

Increase of endogenous urea has long been known to be an indication of 
destruction of body tissue. Moreover in diseases effecting chiefly the liver Or in 
case of intoxications that bring about destruction of bodj? protein the excessive 
excretion of nitrogen in urine takes place mainly in the form of urea. 

Lennox (lo) observes that marked retention of uric acid occurs in nephritis, 
in gout and during starvation. This signifies its relationship with the endogenous 
protein catabolism. According to Lennox the retention of uric acid is in some 
way associated with ketosis which is one of the grave S5TOptoms in diabetes 
mellitus. 

Creatinine output in a normal individual has been found by Folin (ii) to be 
independent of protein intake and maintains a constant level thus serving as an 
index to tissue catabolism alone. Increase in the concentration of creatinine in 
progressive loss of renal function has been shown b}'' Myers and his associates (xa). 
That the increased creatinine excretion again results from an increase in blood 
uric acid has been shown from the work of Abderhalden and Baudze (13). 
Feeding of Sodiumbicarbonate or disodium phosphate, which can bring about 
partial neutralisation of the acid products, has recently been found by Beard 
and his associates (14) to increase the transformation of creatine to creatinine 
and hence to reduce its concentration in urine and blood. 

Amellin has previously been reported to bring about relief in ketosis and 
acidosis accompanied with diabetes mellitus. Its influence in preventing the tissue 
catabolism as indicated b}' lowering the excess concentration of urea and creatinine 
in blood and of urea, uric acid and creatinine in urine will be shown in the 
Table I. Regaiding excretion of uric acid, however, in case of our patients, its 
concentration in urine before commencement of amellin treatment was in almost 
all cases, somewhat below the normal value, which rose up along with the gradual 
progress of the patients and finally reached the normal limit. 

Experimental 

Urine Analysis : — 

(«) Estimation of urine sugar was made according to Benedict’s method 
for its simplicity and accuracy. 

(6) Urine urea was estimated by the Hypobromite method (15). 

(c) Urine creatinine was determined by Folin’s colorimetric method (16). 

(d!) Estimation of uric acid in urine was made according to the permanganate 
method (17). 

✓ 

Blood Analysis : — 

(a) Blood was determined by urease — Nesslerisation method (18). 

(&) Blood creatinine was estimated by Folin’s colorimetric method. 

(c) For the determination of blood sugar the method of Hagedorn and 
Jensen (19) was adopted. 

All these values as changed through use of amellin aie shown in Table I 
and those of blood creatinine and blood urea are "^^represented graphically in 
figures I and 2 respectively. 
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The results of blood urea have been plotted against those of blood creatinine 
in figure 3. The curves so obtained indicate clearly some relationship behveen 
these two constituents in diabetics while progressing through the effect of amellin, 
particularly upto certain stage when the virulence of the disease is almost over. 

Results obtained from analyses of urine and blood of normal Bengalee youths 
are represented in. Table II. 


TABLE I. 


Shoiving the changes in the values of non-protein nitrogenous substances 
of blood and urine of the diabetic patients during treatment with amellin. 


Cnbc No. Diiibctie paticiitb 

(.luring treatment. 

2t 

liours' 

urinary. 



Blood. 


u 

C3 

Uric .acid (mg.) 

Urea (g.) 

u 

0 

.E 

R 

0 

0 

•vO 

U 

u 

& 

S 

C/> 

u 

S 

ffS 

0 

lx 

0 ^ 

P' 

g tl 

Hi. 

Before treatment 


310.0 

42.4. 

5.8 

140.4 

60.0 

4.0 


1 montli after treatment 

... 

348.0 

35.0 

4,5 

126.8 

51.0 

3.1 


7..5 months ,, 


800.0 

.3.6 

1.2 

100.0 

25.0 

1.3 

17. 

Before treatment 

201 .G 

390.0 

55.0 . 

5.C 

293.0 

.55.0 

3.1 


8 months xafter treatment 

M.8 

720.0 

20.0 

3.0 

218.5 

35.0 

1.4 


13 tt 3f 

.V(7. 

800.0 

5.0 

1.2 

180.0 

... 

... 

18. 

Before treatment 

IO 8.0 

680.0 

12.0 

3.0 

242.0 

40.0 

3.0 


4 montlis after treatment 

14 ..3 

810.0 

10.0 

1.1 

125.0 

20.0 

1.5 


* »» »5 

Nil. 

700.0 

2.0 

1,1 

96.0 

20.0 

1.1 

1«. 

Before treatment 

,■>1.0 

740.0 

45.0 

3.6 

256.0 

69.0 

3.6 


.) months after treatment 

trace 

890.0 

8.0 

2.3 

182.0 

35.0 

1.2 


i fi if !» 

Nil. 

870.0 

6.0 

1.3 

101.0 

29.0 

1.0 

20. 

Before treatment 

16..5 

600.0 

20.0 

2.8 

189.3 

38.0 

1.8 


8 months after treatment 

Nil. 

7.50.0 

4.0 

2.0 

123.0 

28.0 

1.1 


»> if if 

Nil. 

730.0 

3.0 

i.i 

98.0 

21.0 

I.I 

21. 

Before treatment 

67.0 

1.50.0 

36.0 

3.0 

223.6 

58.0 

3.2 


i months after treatment 

.32.0 

670.0 


1.2 

168.0 

35.0 

1.1 


S JJ Ji Ji 

Nil. 


5.0 

1.1 




2.'J. 

Before treatment 

39.0 

710.0 

25.0 

2.4 

’180.0 

50.0 

2.0 


1 montlis after treatment 

trace 

780.0 

6.0 

i.i 

110.0 

18.0 

1.0 

21. 

Before treatment 

36.0 

1.300.0 

25.0 

2.6 

147.0 

49.0 

1.9 


S montlis after treatment 

trace 

920.0 

4.0 

1.05 

7.5.0 

16.5 

1.0 

2G. 

Before treatment 

Nil. 

620.0 

18.0 

1.4 

90.0 

.50.0 

3.1 


.3 months after treatment 

Nil. 

800.0 

2.0 

1.0 

74.0 

20.0 

1.4 

«). 

3 M a it 

18.0 

470.0 

15.4 

1.5 

270.0 

39.0 

1.9 


10 „ 

trace 

810.0 

7.0 

0.98 

1.39.0 

24.0 

1.4.5 

8. 

M 11 11 

3.3.0 

800.0 

31.0 

.3.0 

218.0 

48.0 

1.5 


9 ff IJ ft 

trace 

850.0 

11.0 

1.0 

221.0 

30.0 

1.3 

9. 

11 » > if 

20.0 

795.0 

20.0 

2.2 

173.0 

58.0 

1.8 


11 tf ft Si 

Nil. 

.960.0 

8.0 

1.0 

100.0 

19.0 

1,1 

l.T 

1 ft ft ft 

,>8.8 

665.0 

40.0 

4.0 

218.0 

75.0 

1.0 


11 tS If IS 

trace 

900.0 

7.0 

1.3 

116.0 

25.0 

1.2 
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TABLE II. 

ResttUs showing the values 0/ non-protein nitrogen of blood 
and urine of normal Bengalee youths. 


Name. 


24 liours’ 

urinary. 

Blood. 


Urea (g.) 

Creatinine 

(g.) 

Urea 
(nig. %) 

Creatinine 

%) 

A.S. 

21 

5.0 

-1.2 

22.0 

' 1.7 

S.C. 

22 

8.0 

1.3 

25.0 

1.5 

C.P. 

20 

13.0 

1.3 

36.0 

1.2 

A.B. 

23 

5.0 

1.25 

80.0 

1.05 

M.C. 

25 

2.0 

1.2 

,30.0 

1.0 

N.B. 

24. 

4.0 

1.1 

20.0 

0.8 

K.M. 

20 

0.8 

1.2 

23.0 

0.8 

N.C. 

24 

10.0 

0.9 

12.0 

0.95 

S.D. 

23 

3.0 

1.15 

10.0 

1.05 

P.B. 

27 

5.0 

0.90 

9.6 

1.1 

H.N. 

2G 

G.O 

1.05 

13.0 

1.2 

M.N. 

28 

8.0 

1.10 

18.0 

1.5 

D.D. 

20 

4.0 

1.0 

23.0 

1.5 

' M.M. 

29 

7.0 

1.3 

35.0 

0.9 

J.G. 

22 

3.0 

1.2 

30.0 

1.0 

S.H. 

21. 

15.0 

1.0 

26.0 

0.8 

S.B. 

23 

8.0 

1.0 

12.0 

1.1 

S.G. 

2G 

5.0 

1.1 

16.0 

0,5 

P.G. 

20 

4..0 

0.9 

19.0 

0.8 

J.R. 

25 

1.0 

1.15 

28.0 

0.5 

Average 


5.84 

1.11 

21.1 

1.01 

Maximum 


15.0 

1.3 

36.0 

1.7 

Minimum 

... 

0.8 

0.9 

9.6 

0.5 


Discussion 


Though no definite relationship can be established between the values of blood 
sugar and those of blood non-protein nitrogen of diabetics in general, it has been 
observed that hyperglycemia is always associated with abnormally high values of 
blood urea and blood creatinine. Their elimination along with urine is also great. 
The value of blood urea as well as blood creatinine have been found to be inter- 
dependent on each other ; the nature of their fall during the first few weeks of 
treatment with amellin has been found to be almost similar. In most of the patients, 
however, the creatinine values reach the neighbourhood of normal limit within 
three to four months’ time, while it requires three to six months or more for urea 
to come down to the norhial range. 

The high values of blood non-protein nitrogen in Bengalee diabetics, who are 
not generally accustomed to high protein diet is also suggestive of severely dis- 
turbed protein catabolism. This finding confirms the statements of Wilder (loc. 
cit.) and Petren (loc. cit.) that a diabetic requires less protein than a normal indivi- 
dual and warrants the diabetics against taking excessive meat, egg or fish diet 
until the metabolic disturbances are properly restored. 

It can also be recorded that none of our diabetic subjects were advised to cut 
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doVvn their protein diet, which was originally, in almost all the cases, far below 
the normal requirements ; and even then their non-protein nitrogen values fell 
considerably through the ingestion of amellin. Amellin thus has claim: 

(i) to stopping excessive protein catabolism and other disturbances. 

(it) to restoring normal metabolism of protein. 

Jo sum up, amellin can prevent tissue wastage in diabetics and effects uti- 
lisation of protein, thus indicating the possibility of formation of tissues and re- 
generation of the degenerated cells in the system. Some idea regarding tissue 
formation by healing up of wound has previously been reported (8). 

Summary 

I. Non-protein nitrogen has been studied in the urine and blood of thirteen 
Bengalee diabetics during their progress through amellin. 

2.. Urinary elimination of urea, uric acid and creatinine as well as the high 
values of blood urea and blood creatinine have been found to come down to the 
normal range within three to six months’ time. 

3. A linear relationship between the values of blood urea and blood creatinine 
has been established. 

4. The view that high protein diet cannot be beneficial to the diabetics before 
correcting their metabolic disturbances, has been substantiated. 

5. That amellin has a claim to preventing tissue wastage and bringing about 
utilisation of food protein is established. 
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Dam and Co-workers (1-5) observed that chicks on synthetic diets deficient 
in vitamin K developed haemorrhages and that this delay in coagulation of blood 
was found to be due to the deficiency of prothrombin in the blood. They have 
also shown that vitamin K plays an important role in the formation of 
prothrombin. This discovery led to the study of a new experimental method 
of great value in investigating the function of, vitamin K. Since then the 
determination of prothrombin in blood plasma acquired considerable importance. 

Numerous studies (6, 7, 8) relating to the prothrombin level in health and 
disease have shown that the prothrombin level is constant in normal individuals 
and that it decreases in various diseases, particularly those affecting the liver, 
namely, jaundice, cirrhosis of liver etc, and this hypoprothrombinmmia could 
be cured by the administration of vitamin K. There is, however, relatively little 
information available on the prothrombin level in tuberculosis, malaria, anemia 
and other allied diseases. The object of the present investigation was to present 
a simple method of determining the prothrombin level of plasma and to collect 
data from the determination of the prothrombin content of a large number of 
normal and diseased persons suffering from tuberculosis, malaria, anaemia, jaundice 
and other diseases. 


Experijiental 


Determination of Prothrombin . — The method for the determination of 
prothrombin in blood plasma is based on the principle that the prothrombin 
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in presence of thromboplastin (thrombokinase and calcium) is converted into 
thrombin which then reacts with the fibrinogen of the plasma to produce the 
fibrin clot. The time taken for the formation of the clot after tlie addition of 
thromboplastin and calcium to blood plasma is a measure 'of the prothrombin 
content of blood. The higher the prothrombin content of plasma the lower is 
the time taken for the formation of clot. 

Extracts from brain, liver and lung are used as the source of thromboplastin 
(8-13). This technique for the determination of prothrombin by using brain and 
other tissue extracts as source of thromboplastin appears to possess certain 
disadvantages. In the first place, the time and the difficulty involved in preparing 
the tissue extract restrict the use of the method in the routine determination of 
the prothrombin level. In the second place, the lack of stability of the 
thromboplastin in tissue extracts (14) necessitates the preparation of fresh extract 
from time to time and carrjnng out control tests. In the third place, extracts 
of constant potency cannot be obtained everj' time and hence normal figures for 
prothrombin time should be determined for each extract. The normal value 
usually, therefore, varies with the extract used, thereby the comparison of the 
results obtained in different laboratories is rendered difficult and lastly, the 
recognition of the end point — the formation of a fibrin clot — is rendered difficult 
due to the milky appearance of the brain extract. 

Recently Fullerton (15) has suggested a simple method of estimating 

prothrombin in which a commercial preparation of Russells' Viper venom {Siypven) 

as the source of thromboplastin was used instead of tissue extract. By using 

this venom as source of thromboplastin the disadvantages usually encountered 

in the use of brain extracts are eliminated. In the present investigation the method 

of Fullerton was adopted with slight modification in the preparation of the 

thromboplastin solution as suggested by Iyengar et al (16). 

< 

Reagents required : — 

1. Potassium oxalate o.i M. 

2. Thromboplastin-Calcium chloride mixture: (i in 10,000 solution of 
Russells’ Viper venom in 0.025 calcium chloride solution). 

A mixture of Russells’ Viper venom (from the Haffkine Institute, Bombay) 
and calcium chloride was prepared by dissolving the venom in calcium chloride 
solution. 

This mixture is found to be more convenient as suggested by Iyengar 
et al (16) than the use of these reagents separately (15). According to 
Iyengar the addition of 0.2 cc. of a i in 20,000 solution of Russells’ 
Vip?r venom in 0.025 M calcium chloride solution gave a satisfactory result. It 
reduced the dilution of the prothrombin in the plasma and accelerated the speed 
of the thromboplastin-prothrombin-calcium chloride reaction. ' As the solution is 
quite stable at 5° under toluene, standardised stock solutions could be prepared 
for routine prothrombin determinations. 

In Table I are given figures illustrating the stability of thromboplastin reagent 
on storage. 
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TABLE I. 

Stability of thromboplastin in the Russclls' -Viper venom-Calcimn 

chloride mixture. 

Temperature =5° (in ice room) 


Time of storage 
in days.' 

Prothrombin time in 
seconds with the 
stored \enom. 

Prothrombin time in 
seconds with the 
the fresh venom. 

.Lo4s in 
potency. 

0 


8 

0 

30 

9-10 

8-10 

0 

90 

10 

8.10 

0 

140 

10 

10 

0 

180 

10 

10 

0 


The results show that the thromboplastin reagent is very stable after 
storage for nearly six months at 5°. It was also found that light has no influence 
on the potency of thromboplastin in the venom, as the potency of the venom 
exposed to diffused dayflight for 30 days at 5° was not altered. 

Procedure. — 5 cc. of freshly drawn venous blood were added to 0.5 cc. of 
potassium oxalate solution. Clear plasma was obtained by centrifugation. 0.2 cc. 
of whole plasma was taken in a test tube (5 mm. x 5 cm.) and kept at 37° for 
few minutes. 0.2 cc, of thromboplastin-calcium chloride mixture which was also 
kept at the same temperature for some time before use, was added into the test 
tube and the time which elapsed before the fibrin-web formed was noted with 
a stop watch. The estimations were always carried out in duplicate. The 
prothrombin time of normal samples was determined side by side for purposes 
of comparison and standard. 

Effect of storage of blood plasma on the prothrombin content. — ^The effect of 
storing bjood plasma at room temperature on the prothrombin content was studied 
by keeping plasma at 5° and determining the activity of the prothrombin at 
known intervals of time. In Table. II are presented the results. 

TABLE II. 

. Prothrombin content of blood plasma on storage. 



Time of storage 
in hours. 

Protlirombin time 
in seconds. 

Experiment I 

0 

10 


4 

11. .5 


' 24 

18 


48 

2.5 


62 

3.-5 


no 

.57 

Experiment II 

0 

10 


I 

11 


The above results indicate that if blood plasma is kept for more than an hour 
the clotting time increases greatly. It is, therefore, necessarj^ that the test should 
be performed as soon as possible, after the preparation of plasma 

In Table III are presented the results obtained on the prothrombin time of* 
a large number of normal and pathological cases. 
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TABLE III. 

Prothrombin time in normal and pathological conditions. 


Protlironibin Alcan 


Nature of disease. 

Sr. N 

lo. Name. 


Age. 

time. prothrombin 

time.- 

cases 

1. 

.\.T. 

(0 

2.1 

11 secfe. 


2. 

K.V.G. 

(in) 

.3.1 

8 

, 

S. 

M.P. 

(ni) 

2.1 

13 


(. 

S.S.R. 

(in) 


11 

' 

.). 

C.K.K. 

(ni) 

21 

10 


fi. 

F.B. . 

(f) 

23 

10 


7. 

A.R. 

(in) 

21 

10 ■ 


S. 

Af.H. 

(m) 

21 

10 

! 

i). 

C. 

(f) 

40 

11 


10. 

M.F. 

(ni) 

20 

10 


11. 

T.AI. 

(in) 

22 

10 


12. 

Bt. 

(m) 

.29 

13 


IS. 

S.C. 

(f) 

57 

10 


IL 

Me. 

(f) 

.31 

10 


l.i. 

X. 

(m) 


10 


16. 

B.S. 

(m) 


10 


17. 

J. 

(m) 

22 

12 . 10 sees. ' 

Tiihcrculnais 

1. 

.T.M. 

(i) 

30 

13 


2. 

Si. 

(f) 

20 

15 


S. 

S.A. 

(ni) 

10 

11 


1. 

D.R. 

(m) 

26 

15 


5. 

S.B. 

(f) 

16 

18 


6. 

T.V. 

(m) 

21. 

14 


7. 

S.P. 

(m) 

26 

22 


8. 

An. 

(m) 

35 

20 


9. 

B.B. 

(f) 

35 

20 


10. 

V.P. 

,(f) 

18 

17 


11. 

A.R. 

.W 

32 

20 


12. 

An. 

(m) 

30 

22 


18. 

B. 

(f) 

28 

15 


11. 

R.M. 

(f) 

22 

U 


1.7. 

K.B. . 

(f) 

19 

16 


IG. 

A.V. 

(m) 

22 

15 


17. 

S.II. 

(in) 

21. 

17 


18. 

K. ^ 

(m) 

35 

20 


19. 

R.K. 

(m) 

28 

16 


20. 

V. 

■(f) 

24 

20 


21. 

D.K. 

(m) 

21 

25 


22. 

,T.S. 

(m) 

26 

26 


23. 

B.B. 

(m) 

22 

55 


24. 

U.P. 

(m) 

40 

45 


25. 

S.S. 

(m) 

26 

40 


2G. 

P.B. 

(m) 

23 

21 


27. ■ 

■T.S. 

(m) 

26 

32 


28. . 

N.AT. 

(in) 

28 

25 


2.9. 

IC.-S. 

(ni) 

29 

20. 


.30. 

II.S. 

(ni) 

20 

18 


.31. 

R.S. • 

(ni) 

25 

16 


32. 

A.K. 

(ni) 

30 

18 
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TABLE III— 


Nature of disease. 

Sr. 

No. Name. 


Apte. 

Protliroiiibin 

time. 

Mean 

prothroniliin 

time. 


33. 

D.K. 

(ni) 

21 

25 secs. 



31. 

J. 

(in) 

39 

20 



3.5. 

A.G. 

(in) 

'18 

20 



36. 

A.R. 

(m) 

'Ifi 

30 



37. 

F.B. 

(0 

27 

20 



38. 

P.B. 

(f) 

20 

3o 



.39. 

Is. 

(ni) 

27 

27 



'10. 

A. 

(ni) 

26 

22 



11. 

S.B. 

(f) 

21 

21. ' 


, ^ (hip, early) 

12. 

A?r. 

(ni) 

in 

.29 

22 secs. 

Aninmia 

1. 

V. 

(f) 

19 

17 


. 

o 

s. 

(f) 

2.5 

27 



3. 

D.S. 

(in) 

23 

20 



1 . 

a.:m. 

(in) 

in 

20 



5. 

B.K. 

(in) 

26 

22 



6. 

A.M. 

(f) 

60 

22 



7. 

S.K. 

(ni) 

21 

20 



8 . 

M.A. 

(ni) 

oo 

20 



9. 

N. 

(m) 

21 

25 



10. 

C.Z. 

(111) 

20 

12 



11. 

k.B. 

fin) 

20 

2.3 



12. 

V. 

(in) 

20 

22 



13. 

IC.K. 

(ni) 

20 

15 



I'l. 

G.N. 

(m) 

18 

26 



IS. 

D. 

(m) 

23 

15 



IC. 

K.D. 

(m) 

20 

21 



17. 

S.N. 

(m) 

2.9 

20 



18. 

A.L. 

(in) 

IS 

21 



19. 

S.B. 

(m) 

2n 

20 



20. 

iM.II. 

(ni) 

28 

18 



21. 

C.R. 

(111) 

36 

16 



22. 

B.R. 

(in) 

10 

15 



23. 

J.S. 

(ni) 

22 

19 



21. 

M.S. 

(ill) 

23 

23 

20 secs. 

Mii]nrin 

11. 

A. 

(in) 

19 

20 


(cnl.arjrement of spleen) 

1. 

A.N. 

(in) 

20 

13 


>» 

2. 

A.W. 

(in) 

19 

25 


1 » 


M.G. 

(ill) 

19 

20 


» 1 

1. 

H. 

(111) 

21 

20 


f % 

.*). 

H.M. 

(m) 

25 

17 


t» 

(1. 

V.N. 

(ni) 

30 

17 


• t 

7. 

AI.D. 

(m) 

^2 

18 


M 

S. 

D.B. 

fin) 

20 

25 


»» 

P. 

G.J. 

(ni) 

21 

20 



10. 

L.C. 

(ill) 

21 

22 



11. 

B.S. 

(in) 

2.3 

21 



12. 

J.S. 

(f) 

31 

20 

21 scc«5. 

(no cnlargrciuent of spleen) 

13. 

P.V. 
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TABLE III. — {Contd.) 

X- . c T .. Protlii-onibin !Mcmi 

Aatiirc of diseiisc. Sr. Xo. Nmiie. .\ge. time. protriroinbiii 

' time. 


Juinidirc 

1. 

'I’.B. 

(m) 

19 

IS sees. 


2. 

S.K. ‘ 

(m) 

28 

19 


•H. 

G.D. 

(m) 

27 

10 


i. 

B.B. 

(m) 

20 

12 


n. 

J. 

(m) 

21 

10 


6. 

0. 

(m) 

19 

13 


7^ 

S.P. 

(m) 

2,5 

12 



M.K. 

(m) 

22 

ir 


. <1. 

T.S. 

(m) 

11 

18 


10. 

i\.G. 

(m) 

20 

10 


n. 

X.B. 

(ml 

22 

11 

(assoeiated with pregnancy) 

12. 

X.X 

(f) 

,lfi 

21 


I.'l. 

M.L. 

(0 

21 

22 

(as''Ociated nitli catarrb) 

II. 

M.A. 

(0 

19 

22 


I.'l. 

D.P. 

(m) 

21 

1.5 


l(i. 

S. 

(m) 

2.'! 

2! 


ir. 

w. 

(m) 

.•!() 

15 


18. 

E. 

(m) 

on 

IP 


19. 

Y. 

(m) 

2;! 

10 


20. 

P. 

(m) 

,'10 

11 


21. 

.V. 

(m) 

'in 

1.5 


22. 

.V.S. 

(ml 

21 

1.5 


2.'1. 

S.F. 

(m) 

20 

10 

(witli bepatitisi) 

21. 

AV. 

(m) 

.01 

1.5 


2.1. 

II. 

(m) 

.0,5 

17 


20. 

A. 

(f) 

20 

17 

(nifb ciri host's of liver) 

2T. 

J. 

(ml 

20 

27 

I’lrit IHDlCi; 

1. 

P. 

(0 

27 

1.5 


2. 

B.B. 


02 

20 


:5. 

AMH. 


2,5 

15 

' 

1 . 

D. 


10 

1.5 


.>. 

C. 


2.5 

10 


0. , 

C.M. 


20 

12 


r. 

S.T. 


1.5 

’ 13 

(nith all)uiTiimiria) 

8. 

K. 

. 

25 

0 

(with osteomalacia) 

9. 

N. 


OY 

20 


10. 

G. 


19 

25 


11. 

AI.N. 


08 

1.5 


12. 

E. 


01 

17;.5 


i:i. 

M.H. 


19 

18 


11. 

M.B. 



21 


l.>. 

R. 



11 


10. 

S. 



17 


17. 

AV. 



1.5 

. 

18. 

L. 



10 


19. 

T. 



20 


20, 

C. 


20 

19 


1C sees. 
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TABLE m.—{Contd.) 


Prothrombin Jlean 

Nature of disease. Sr. No. Name. .V^e. time. prothrombin 

time. 


Other diseases : 


Pnenmonia 

1. 

S. 

(f) 

15 

15 secs. 

if 

•2_ 

K. 

(f) 

40 

18 . 

a 

3. 

S. 

(m) 

16 

20 

Chronic tonsillitis 

-1. 

Ra. 

(f) 

14. 

19 


.5. 

Sw. 

(f) 

1.3 

2.3 

Gnnccr (stomach) 

6. 

B.O. 

(f) 

67 

12 

Cancer (uterus) 

7, 

P.E. 

(0 

48 

1.3 

Nenrastlucnia 

8. 

B.R. 

(f) 

40 

25 

General debility 

9. 

B..A. 

(f) 

45 

20 

High blood pressnre 

10. 

D. 

(f) 

5) 

15 

Osteomalacia? 

11. 

S.M. 

(f) 

26 

17 

Dysentery {bacillary) 

12. 

S.M. 

(f) 

n 

16 

a 

13. 

A.L. 

(f) 

IS 

. 13 

Chronic diarrhoea 

1‘1. 

F. 

(f) 

18 

20 

Prolapse vierus 

15. 

C. 

(0 

25 

11 


Discussion 

Prothrombin time in normal healthy persons : The values obtained for the 
prothrombin time of the blood plasma of 17 normal persons examined range 
between 8 and 13 seconds, the average value being 10 seconds. 

Prothrombin time in various pathological conditions : 

1. Ttiberculosis : Among 42 cases of active and chronic pulmonar}' 
tuberculosis studied, a significant deficiency in prothrombin content was found 
in 30 cases, the prothrombin time being above 20 seconds in all these cases. The 
average value was 22 seconds. 

The study of the relation between prothrombin level and other clinical and 
roentgenologic stktus of the patient would be of grdat interest. The administration 
of vitamih K ' in such cases particularly those suffering from pulmonar)' 
haemorrhages with liver damage may have beneficial effect on the patient. 

2. .Ancemia : The prothrombin time of anemic patients was found to vary 
between 15 and 22 seconds, the average being 20 seconds. It would be of interest 
to investigate the effect of administration of liver extract and vitamin K on the 
prothrombin level in cases of anaemia 

3. Malaria : In the majority of cases studied there is a definite increase 
in prothrombin time, the value being above 20 seconds in 10 cases out of a total 
number of 14 cases. The mean prothrombin time was 21.4 seconds. 

4. Jaundice : There is hypoprothrombinaemia in jaundice cases investigated. 
This is in agreement with the results of previous workers, i 

The finding that hypoprothrombinaemia .occurs in various types of diseases 
in addition to jaundice, namely, tuberculosis, anaemia, and malaria, is of 
importance in regard to the function of prothrombin in these diseases. In all 
these diseases the effect of administering vitamin K on the prothrombin le\’el and 
the general condition of the patient should be investigated. 



24 


A. RAHMAN AND K. V. GIRl 


With a view to find out whether there is any relationship between the plasma 
prothrombin content and serum calcium, determinations were made of the serum 
calcium content of each of the samples of blood examined. The results obtained 
show that there is no significant relationship between these two constituents of 
blood. The following are the values obtained for the calcium content of the 
blood • serum. Normal— 7.2-11,8, average value, 8.8 ; Tuberculosis— 5.3-8.7, 
average value, 7.15 ; Anmmia— 6.0-12.0, average, 8.5 ; Malaria— 7.0-7.86', 
average, 7.26 ; Pneumonia— 6.56-8.0, average, 7.28 ; Jaundice— 5.36-11.0, 
average, 8.6 ; Pregnancy — 4.8-10.6, average, 7.76. 

Summary 

A simple method for the determination of prothrombin in blood plasma is 
described in which Russells’ Viper venom is used as source of thromboplastin. 

The thromboplastin potency of the venom solution is found to be very stable 
at low temperatures. The venom solution can be kept at ice room temperature (5°) 
for nearly six months without any Joss in potency. 

The prothrombin time of normal and healthy persons ranges between 8 and 13 
seconds with an average of 10 seconds. 

The prothrombin time is markedly prolonged in cases of tuberculosis, anaemia, 
malaria and jaundice. During pregnancy there is a general rise in prothrombin 
time. 
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McCarrison (i) while attempting to determine the nutritive and vitamin values 
of rices in common use in India suspected that these might possibly var}' wdth 
soil conditions. At his suggestion Norris tested and found that the nutritive valu^ 
of ragi (elusive coracana) varied with the manurial treatment of the soil- { 2 ). 

4 
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Visvva Nath and Suryanarayana (3) repeated these experiments in details and 
came to the conclusion that (i) the effect of manuring a crop persisted in the seed 
and was visible in the next crop when the seed was sown in a soil of moderate 
fertility, (ii) a manured crop gave a seed with better cropping value than an 
unmanured crop, (Hi) a crop manured with cattle manure gave a seed with a 
better cropping value than that from a crop manured with mineral manure or 
not manured at all, (iu) a crop manured with mineral manure gave a seed with 
a better cropping value than that from an unmanured crop, but the superiority 
of 'mineral manure seed’ over ‘No manure seed’ varied with the nature, of the 
crop, (v) 'Cattle manure seed’ was more nutritious than 'No manure seed’ or 
‘Mineral manure seed’. Greaves and Carter (4) also showed that wheat, oats and 
barley were found to decrease in nitrogen and increase in total ash, phosphorus, 
calcium and magnesium contents as the irrigation water used in their cultivation 
was increased. 

In the face of the above findings some scientists are of opinion that same 
varieties and types of different crops when grown under varying soil and climatic 
conditions have probably different nutritive values. Thus to investigate the 
variations, if any, in the composition of important crops grown in different areas 
under different conditions of soil and climate the present investigation was 
taken up. 


Analytical 

The methods used were the standard methods for estimation of the different 
components and the samples used were (I) Bengal gram (T.25) grown at Delhi 
and Karnal under dry atmospheric condition and at Pussa under wet climatic 
condition. Although the climate and soil conditions were not much different at 
Delhi and Karnal the cultivation at the latter place had the advantage of irrigation ; 

(II) Bengal gram (T.53 and T.58) grown at Delhi and Pussa respectively I 

(III) Bengal gram (T.58) obtained from three different plots at Pussa under same 
soil and climatic conditions (as control) and (IV) T.4, 6 and 14 of Black gram, 
S.29 of field pea and T.15, 24, 51, 64 and 80, all grown under different climate 
and soil conditions at Delhi and Pussa respectively. 


Discussion 

From Table I it will be seen that T.25 of Bengal gram grown at Delhi, 
Karnal (Punjab) and Pussa (Bihar) respectively, the Delhi sample had a higher 
protein content than that of Pussa and a slightly higher one than that of Karnal 
too. The calcium content also was higher in the Delhi and Karnal samples. 
Phosphorus and iron, however, were more in the Karnal sample than those from 
Delhi and Pussa. The fat, carbohydrate and mineral contents were almost equal 
in all. 



The following tables show the composition of the different samples. 

TABLE I. 


CROPS UNDER VARYING SOIL AND CLIMATE 
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Pus'ia 1.3.97 !22.0I 1.70 .3.78 , .3.9.3 .)2..38 0.1C8 0.292 . S.8G 
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Figures of analysis of T.53 and T.58 of Bengal gram (Table II) also reveal 
a strikingly higher percentage of total protein and calcium in samples grown at 
Delhi and higher contents of moisture, phosphorus and iron in those grown at 
Pussa. There was no appreciable difference in the fat, carbohydrate and mineral 
contents of any variety of pulse grown at Delhi and Pussa under entirely different 
- climatic and soil conditions. As a control experiment (last part of Table II) 
three samples of T.58 grown in three different plots at Pussa under the same 
climatic and soil conditions were also analysed side Oy side and the analytical 
figures showed no significant difference whatsoever in the important proximate 
principles, e.g. proteins, carbohj^drates and fats and in the important mineral 
matters as well. 

Analytical figures of T.4, 6 and 14 of black gram, S.29 of field pea and 
T.r5, 24, 51, 64 and 80 of red gram grown at Delhi and Pussa respectively, run 
almost parallel to the variations already noted in the different varieties of Bengal 
gram grown at the same places respectively, the protein and calcium being higher 
in the Delhi samples with less moisture, phosphorus and iron contents. There 
was practically no difference as regards the tvyo main energy fonning proximate 
principles. 

Although Delhi and Kamal have practically the same climate, protein was 
less but phosphorus and iron more in the Karnal sample than in the Delhi sample. 
As the cultivation at Karnal is under an irrigated condition these are quite in 
accord with the findings of Greaves and Carter (loc. cU) who are of opinion that 
under a high irrigation system the nitrogen content of crops like wheat, oat and 
barley is decreased and that of phosphorus is increased in proportion to the 
irrigation water used in their production. The calcium content however, contrary 
to their findings did not show an}' significant variation. 


Summary 

(1) The protective principles such as proteins and calcium are higher in the 
Delhi samples. There is no difference as regards main energy forming principles 
(fats and carbohydrates) in samples grown at Delhi and Pussa. The moisture, 
phosphorus and iron are more in the Pussa samples. Regarding the total mineral 
matters the increase of calcium in the first sample was probably well compensated 
by the lowering of the phosphorus, iron etc. and vice versa (in the Pussa samples) 
so that there was no significant difference in the total mineral content of the 
two samples grown under different climate and soil conditions. 

(2) The Karnal sample was similar to Delhi sample as regards protein and 
calcium contents but its phosphorus and iron contents were higher than those of 
Delhi and Pussa. 
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Conclusion 

Climate and soil condition plaj^ important roles in altering the nutritive values 
of different crops. 

Our hearty thanks are due to Rao Bahadur B. Viswanath, F.I.C., Director 
of the Imperial Agricultural Research Institute, New Delhi for kindty supplying 
us with the various samples from Delhi, Karnal and Pussa and also for his keen 
interest in the investigation while it was in progress. 
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■ Pulses and cereals, as a rule, contain very little quantity of vitamin C but 
when they are moistened in water and allowed to germinate the sprouts contain 
a good supply of this vitamin. In order to study' comparatively the vitamin C 
contents of different pulses and cereals commonly used in India the present work 
was taken up. The seeds were soaked in water for 24 hours after which water 
was drained out and the wet seeds were spread out on damp earth and covered 
with a thick cloth which is kept moist by sprinkling water from time to time. 
After 48 hours the seeds with beautiful sprouts about half an inch long were 
taken out for estimation of ascorbic acid. 

Chemical Estimation 

The method used was Birch, Harris and Ray’s modification of Tillman’s 
method (i). The following table shows the comparative values of some vitamin C 
of some of the commonly used pulses and cereals in a sprouted condition. 

TABLE I. 


Varieties 

.Seeds. 

Ascorbic acid 
mg. per 100 g. 


Bengal Gram (Cicer xritinum) 

42.6 - 

Pulses 

Green Gram {Phascolus radiatus) 

88.2 

Black Gram {Phascolus mungo) 

76.4 


Lentil {Lens csculenta) 

31.1 


Wheat (Triticum vulgare) 

15.0 


Paddy {Oryza saliva) 

' 18.7 

' Cereals 

Barley {Hordeum vulgare) 

16.2 


^laize (Zea mays) 

16.8 


Oat (Averm saliva) 

5.6 


Biological 


Biological assay was performed with four groups of 12 guineapigs weighing 
from 250 to 350 grams each, which developed scurvy on a scorbutic diet for 
about 45 days. Each animal of the four different batches was given 0.35, 0.4 and 
0.45 mg. of pure ascorbic acid respectively in addition to the basal scorbutic diet. 
After another six weeks’ experimental feeding the protective dose for each animal 
was determined as roughly 0.4 mg. daity. 

A second series of another twelve guineapigs with experimental scurvy was again 
.divided into four batches. To each animal of Batch I was given 0.4 mg. of 
ascorbic acid daily (Control), in addition to the basal vitamin C-free diet, 
to each of 'Batch II, 2.2 g. of sprouted paddy, to each of Batch III, i g. of 
sprouted Bengal gram and to each of Batch IV, 0.5 g. of sprouted green gram 
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■ 1 . 


in addition to the same basal diet for six weeks. The weight 'of all the animals, 
which was going down before, became almost steady after a fortnight and there 
was some increase in the average weight of all the batches as will be seen from 
the table below, 

TABLE II. 


% of increase in weight. 


Batch 

Diet. 

Jnitial 
weight, g. 

1st 

Week 

2nd 

Week 

3rd 

Week 

4 th 
Week 

5tli 

Week 

6tli 

AVeek 

I 

0.4' mg; As- 
corbic acid 

249 

-l.B 

+0.8 

+2.4 

+.3.2 

+4.2 

+6.6 

11 

2.2 g. sprouted 
paddy 

244 

-1-0.8 

+2.0 

+2.8 

+3.2 

+4.5 

+6.9 

Til 

1 g. sprouted 
Bengal gram 

239 

-{-0.4 

+2.5 

+.3.6 

+4.2 

+4.8 

+7.1 

. IV 

0.5 g. sprouted 
Green gram 

•242 

-0.4 

+ 1.2 

+3.0 

+4.9 

+5.2 

+7.3 


After six weeks all the animals were killed and in none of them any 


subcutaneous, subperiosteal or subperitoneal haemorrhage was found on post- 
mortem examination. Moreover the jaw bones too did not show any indication 
of scurvy, showing thereby that the scorbutic condition has been completely cured. 

So 0.4 mg. of pure ascorbic acid = 2.2 g. of sprouted paddy = i g. of sprouted 
Bengal gram = 0.5 g. of green gram approximately, which roughly corroborate 
the results of estimation of ascorbic acid in different samples by chemical method. 

Discussion 

The antiscorbutic values of the four commonly used pulses, green gram, 
Bengal gram, black gram and lentil (in a sprouted condition) are 88.2, 76.4, 42.6 
and 31. 1 mg. per 100 g. respectively, whereas those of the sprouted paddy maize, 
barley, wheat and oat are 18.7, 16.8, 16.2, 15 and 5.6 mg. per 100 g. respectively. 
So it appears that the lowest of the pulse-group (lentil) contains nearly double 
of that of the highest amongst the cereal group (paddy). This has been amply 
corroborated by the biological assay. These data preclude the consideration of 
sprouted cereals being effectively substituted for sprouted pulses as a source, of 
vitamin C even in the famine areas. Moreover .the pulses have another point 
in their favour that sprouting adds to their flavour and as such they can be easily 
taken raw without any loss of vitamin C content. On the other hand cereals 
as a rule require cooking for their proper digestion which is upset by their husk 
and so there is every possibility of the little ascorbic acid content being lost in 
the process. 

Conclusion 

Sprouted pulses as a cheap source of vitamin C may be taken by poor people 
who cannot afford to take fruits as a protection against scurvy. Even from the 
point of view of economy the sprouted cereals although cheaper cannot lay any 
-claim as effective substitutes for the sprouted pulses so far as vitamin C is 
concerned. 
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Considerable work has been done regarding the iron of the egg. Nearly 
all the iron of hen’s egg is located in the yolk and many believe that it exists 
in the form of organic complex with protein-like properties. Miescher (i) 
observed ,that after prolonged peptic digestion of egg-yolk an insoluble substance 
separated out, which was found by Bunge ( 2 ) to contain iron in organic combina- 
tion and was named "hastmatogen” by him. Hugounenq and Morel ( 3 ) regarded 
"haematogen” as the prosthetic group in the vitellin molecule and the precursor 
5 
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of the hemoglobin formed by ’ the chick during incubation of the egg. They 
found that decomposition by acids leads to the formation of a black pigment 
containing 2.6% iron. 

f 

Hill (4), by applying his own dypyridyl test to egg-yolk, concluded that all 
its iron is present as inorganic ferric iron and no organic complex exists. Hill 
estimated the intensity of the red colour which is developed on adding 
a : a'-dipyridjd to the substance after treatment with sodium hydrosulphite in 
presence of acetate buffer (^H 5.5). 

Hill’s conclusion that the whole of the iron in egg-yolk is present in the 
inorganic form is based on the following evidence: (i) Organo-iron compounds 
of the hcEmatin type do not give the colour reaction by Hill’s method, con- 
sequently the presence of such compounds in egg-yolk is excluded, (h) The iron 
obtained by ashing of egg-yolk agrees with the values obtained bj' Hill’s method. 
Moreover, if Hill’s method is employed in an alkaline medium, as for instance, 
in presence of 10% ammonia solution and hydrazine hydrate as a reducing agent, 
instead of at the usual pH 5.5, the colour is developed with the same intensity. 
It is not likely, according to Hill, that iron would be liberated from organic 
combination by alkali. 

Tompsett (5) arrived at the conclusion that iron forms complexes with 
phosphoproteins or phospholipins from the fact that when a solution of ferric 
salt was added to a suspension of lecithin or solution of caseinogen or to milk 
and when this was precipitated with trichloroacetic acid, no iron could be detected 
in the filtrate, but if thiolacetic acid, sodium hydrosulphite or sodium pyro- 
phosphate was added prior to the addition of trichloroacetic acid, the iron could 
be estimated quantitatively in the filtrate. On the other hand, when mixtures 
of a ferric salt and either egg-white or a solution of edestin were treated with 
trichloroacetic acid, the iron could be estimated quantitatively in the filtrate. 
It has been suggested therefore, that ferric but not ferrous iron forms complexes 
with organic phosphorus compounds and that upon reduction of the ferric iron 
by sodium hydrosulphite or thiolacetic acid, these complexes are destroyed. The 
complexes also appear to be unstable in presence of sodium pyrophosphate which 
is probably due to the property of iron forming non-ionized compounds with 
pyrophosphate. 

Needham (6) accepts the view of Hill as against the conclusions of Bunge 
and others, who point out the definite existence of an organo-iron compound 
called "haematogen” by Bunge. All the iron of egg-yolk is not indeed contained 
in h'sematogen and it is not improbable that colloidal ferric hydroxide may also 
be present. The ^H of fresh egg-yolk, according to Aggazzotti (7) is about 4-5> 
while according to Healy and Peter (8) it is 6.2 to 6.6. The presence of iron 
as ferric hydroxide is quite possible at the latter pH but improbable at pH 40' 
Needham (6) and Elvehjem (g) have concluded from Hill’s results that egg-yolk 
contains only inorganic iron. 
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McFarlane (lo) found that lecithovitellin prepared from egg-yolk contains a 
fair percentage of iron which appears to be present in a very stable combination. 
He, therefore, concluded that part at least of the iron of the egg is present as 
organic complex. Commenting on Hill’s results, McFarlane says that there is 
no evidence that a : a'-dipyridyl reacts only with inorganic ferrous compounds and 
does not combine with ferrous organic compounds other than reduced haematin 
and therefore Hill’s deduction about the inorganic iron is not justified. The 
ferrous salt of dipyridyl, according to Blaw (ii) is (Fe(CioH,N.)3 -X^), where 
X may represent a univalent inorganic or organic anion. 


In our previous publications (12-16), we have found that about 30-40% of 
the tissue iron (animal tissue) is present in complex combination with nucleo- 
protein and copper and this iron can be quantitatively estimated by Hill’s 
dipyridyl method. This complex iron has been found to be a normal constituent 
of all red-blooded animals hitherto investigated. 


A comparative study on the egg-yolk iron and tissue iron (13) reveals some 
striking differences in their chemical behaviour and as non-avian egg does not 
contain any nucleoprotein, these -difference might be due to the difference in chemical 
combination. 

(i) The amount of iron liberated from the same sample of duck’s egg-yolk 
by the action of sodium hydrosulphite, thiolacetic acid or sodium pyrophosphate 
is the same and it agrees fairly with the quantity of iron obtained after ashing. 
The trichloroacetic acid control gives negative test for iron. In the case of fish 
tissue, the iron value obtained by reduction with sodium hydrosulphite, at ^H 5.5 
is less than that obtained by thiolacetic acid, but if the sodium hydrosulphite 
is added after the treatment of the tissue with 8% acetic acid by Hill’s method 
as modified by us (12), then the value becomes nearly equal to that obtained 
with thiolacetic acid. Treatment with sodium pyrophosphate gives only 30 to 40% 
of the iron in this case. Trichloroacetic acid extract of the control gives the test 
for iron, the amount being very small. Moreover, the amount of iron obtained 
after ashing is always greater than that obtained by any of the above methods. 


(2) Iron added to egg-yolk cannot be recovered by enzymic hydrolysis, - 
whereas in the case of the fish and other animal tissues, added iron can be 
quantitatively recovered from the hydrolysate. 


(3) Enzymic hydrotysis and increase in acidity do not increase the iron value 

of egg as in the case of fish and other animal tissues. 

( 

The present communication seeks to throw light on this still obscure question 
of the Jiature of the total non-h<xmin -iron in non-avian egg. 
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Experimental 

Experiments of Fulmer and Jukes {17), Jukes and Kay (18) and McFarlane (10) 
indicate that about 23% of the iron present in hen’s egg-yolk is present in 
combination with vitellin and copper and this iron can be quantitatively estimated 
by Hill’s dipyridyl method. By applying McFarlane’s method (10) for the 
isoaltion of vitellin-iron-copper (V.LC.) complex with certain modification, we 
have found that the whole of the iron present in all egg-yolks hitherto studied, 
is present in combination with the vitellin fraction of the protein. The method 
adopted is as follows: 

The intact yolks were freed from egg-white by washing first in running- water 
and then under a slow stream of 0.9% sodium chloride solution on filter paper. 
The vitellin membrane was punctured so that only the yolk contents could be 
transferred to a beaker without the membrane. The yolk of each egg was diluted 
to 50 cc. with distilled water. 20 cc. portion of the diluted yolk was taken in 
a crucible, dried and burnt to white ash for the estimation of total iron. The 
total iron was estimated by the well-known thiocyanate method described 
elsewhere (19). For the isolation and estimation of V.I.C. complex another 20 cc. 
portion of the same egg-yolk was treated as follows and the vitellin . iron was 
estimated by Hill’s method (as modified ‘by us). 


TABLE I. 

Total and Vitellin iron content in 20 cc. portion of diluted 
egg-yolk, expressed in mg. 


Serial 

No. 

Date. 

Total 

iron. 

Total 

vitellin 

iron. 

Sources of iron. 

1 . 

11.3.11 

0.570 

0,5G9 

Duck’s egg-yolk. 

o_ 

20.3.41 

0.4.52 

0.441 

ft 

•S. 

23.3.41 

0.G50 . 

n.G32 

ft 

• 1 . 

28.3.41 

0.580 

0.5G0 

ft 

.s. 

29.3.-W 

0.5G0 

0.532 

tf 

- 

30.3.4-1 

0.570 

0.555 

it 

7. 

2.4.44 

0.190 

0.485 

It 

8. 

10.4.44 

0.390 

0.391 

Hen’s egg-yolk. 

9. 

10.4.44 

0.308 

0.289 

11 

10. 

11.4.41 

0.800 

0.340 

It 

11. 

1.5.4.41 

0.337 

0.340 

tt 

12. 

IG.4.41 

0.-140 

0.500 

tt 

1 :}. 

18.4.44 

0.290 

0.289 

Pigeon’s egg-yolk. 

11. 

18.4.14 

0.320 

0.340 

tt 
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Twenty cc. portion of the diluted egg-yolk was repeatedly extracted with 
ether until the extracts became colourless. This was carried out in a refrigerator 
room at -4°C and required 3 to 4 extractions each with an amount of ether equal 
to the volume of egg-yolk solution. The resultant fat-free yolk was then treated 
with 60 cc. of 10% sodium chloride solution and well shaken. The mixture was 
poured into 20 volumes of distilled water, stirred and heated to the coagulation 
temperature of vitellin (7o°C) when the vitellin was completely precipitated. The 
mixture was allowed to cool, the clear liquid decanted off and the protein 
precipitate was diatysed in a large parchment dialyser for 24 hours with a few 
drops of toluene at io° against repeated changes of distilled water. When the 
water in the dialyser showed a negative test for chloride, the protein, (in the 
dialyser) was removed and separated by centrifuging. It was then washed with 
alcohol and then with ether-alcohol mixture and dried under vacuum. The results 
are shown in Table I. As the iron content of 20 cc. portion of one egg-yolk 
of a pigeon was insufficient for the experiment, two eggs were used. 

Summary 

From the above results, it is clear that the whole of the vitellin iron content 
of non-avian egg-yolk fairly agrees with the total iron content of the yolk obtained 
after ashing, indicating that in egg-yolk iron is present in organic combination 
and not as inorganic iron as stated by Hill (4), Elvehjem (9), Needham (6) and 
others. This iron can be quantitatively estimated by Hill’s dipyridyl method. 
Experiments on the nature of iron in egg-yolk done by McFarlane gave a low 
value for V.I.C. iron probably due to the incomplete precipitation of the vitellin 
protein. 

Now the question arises as to whether with the embrjmnic development of 
egg, this iron direct!}? goes to form haemoglobin or via iron-copper nucleoprotein 
complex which has been found to be a normal constituent of all red-blooded 
animals, birds and fishes hitherto investigated (13 and 14). Work in these lines 
is in progress. In some of the results in Table I (marked with asterisk) the vitellin 
iron is slightly higher than the total iron and this is probably due to error in 
estimation of the total iron. 


Our best thanks are due to Dr. B. C. Guha and Dr. B. N. Ghosh for their 
kind advice and interest and also to the Indian Research Fund Association for a 
research grant. 
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Mucuna plants (N.O. Legtwiinosae) may be seen growing in abundance in 
many parts of India. Prain (i) identified different species of Mucuna viz., 
Mucufia monosperma, DC., Muctina giga 7 itea, DC.. Muema primens. DC., 
Mucuna utUis, Wall and Muc7ma nivea. DC. in Bengal. Of these Muctma pnmens 
is the most common and is widely used in indigenous medicine. According to 
Ayurveda, alkushi {Mucuna pruriens) is highly provocative of sexual vigour, 
pleasant to the taste, nourishing, bitter, curative of gout and can allay phelgm 
and plethora. The seeds are said to be highly aphrodisiac. 


Very little work has been done on the constituents and properties of this 
important medicinal plant. Dymock (2) reported some observations on the seeds 
of M. pruriens. The composition of hairs of mucuna pods has been detemined 
by Calvino (3). Lewkowitsh (4) has reported the constants of a mucuna oil from 
tlie seeds of Muenna capitata, Dc. occurring in the Dutch Indies Recently 
Damodaran and Ramaswamy (5) have i^lated I-3 : 4-dihydroxyphenylalanine in 
large amount from the seeds of M. pruriens, D . 


The present author has undertaken a systemahe mves .gat.on ^ ^ 
seeds including tl.eir chemical examination, ‘ll' 

of the proteins and finally an examination about the aphrodisiac property so 
widely believed. 
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Experimental ... 

About 20 kgm of Mucuna pnmeiis seeds, obtained from a local dealer were 
decorticated and th'en ground in a flour mill. This powder served as the material for 
experiments stated here. The sepds were found to contain moisture 9.1%, 
protein 25.03%, crude fibre 6.75%, petroleum ether extractines 2.96% and ash 
3 - 95 %- Qualitative analysis showed that the ash' contained a number of mineral 
elements and plenty of carbonates. Some of the important constituents were 
estimated and gave the following figures based on the seeds: calcium 0.159%, 
phosphorus 0.471%, magnesium 0.206%, iron 0.022%, manganese 0.008%, 
sulphur 0.232% and silica 0.617%. 

In order to get an idea regarding the general characters of the constituents 
present, powdered seeds were successivety extracted with different solvents in the 
usual way and the amounts of extractives obtained in each case were as follows; 
petroleum ether 2.96%, ether 0.09%, alcohol (rectified spirit) 2.79%, water 
32.68%. 

The petroleum ether extract contained chiefly an yellow oil mixed with some 
resinous bodies and organic phosphorus compounds. The ether extract contained 
chiefly a glucoside which is being investigated in details. In addition, it contained 
some phospholipids and a small amount of gallic acid. The alcohol extract was 
deep yellow and on exposure to air turned black. Detailed work with this extract 
is in progress. 

The chemical analysis reveals that seeds contain a large amount of protein 
and in view of the widely believed nutritive properties of these seeds it was thought 
desirable to determine the biological value of the proteins present. 

The biological value of the seed proteins was found out first by the balance 
sheet method. The technique employed was that followed by Basu el al (6). 
The metabolic nitrogen, however, was calculated as being directly proportional 
to food intake. Determinations of biological value were carried out at different 
levels of protein intake. In Table I the compositions of different diets used in this 
investigation are given. 

TABLE I. 

Showing the composition of different diets. 


Constituents. 


per cent 

Protein content of diet. 

diet. 

5% 

10% 

15% 

Decorticated mucuna powder 

... 

200.0 g. 

400.0 g. 

600.0 g. 

Chopped sugar 

90.0 g. 

90.0 

90.0 

90.0 

Clarified butter 

100.0 

94.0 

88.0 

82.0 

Codliver oil 

20.0 

20.0 

20.0 

20.0 

Salt mixture 

50.0 

50.0 

50.0 

,50.0 

Ca-carbonate 

8.0 

8.0 

8.0 

8.0 

Corn starch 

735.0 

541.0 

347.0 

153.0 
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Data obtained in experiments with nitrogen-free diet are shown in Table 11. 
In Tables III and IV are shown relevant data for metabolism experiments with 
diets 'containing 5% and 10% protein. Experiment carried out at 15% level of 
protein intake did not give any conclusive result on account of very unsatisfac- 
tory physical condition of rats. This was probably due to over-ingestion of a 
toxic principle, I-3 : 4-dihydroxyphenylalanine, in which the seeds are very rich. 
For this reason data for this experiment are not reported here. 


TABLE 11. 

Showing experiments with Nitrogen-free ration. 
(figures for intake and excretion represent daily averages) 


Kaf. No. ‘ 

Body 

weight 

Food 

intake 

Urinary 

nitrogen 

AfefabohV 

nitrogen 

Metahofic 
nitrogen per 
g. of food 

IM 

236.0 g. 

13.20 g. 

41.76 mg. 

IS. 61 mg. 

1.41 mg. 

2 JI 

23S.0 

11.00 

44.80 

16.28 

1.48 

3F 

196.0 

12.10 

.32.60 

13..55 

1.12 

4F 

209.0 

12.20 

32.50 

16.56 

1.86 


TABLE III. 

Showing the biological value of Muctina pruriens seed proteins at 5 % protein level. 
(figures for intake and excretion represent daily averages) 

d 

;2; 

c 

p; 

Body weight in g. ■ 

Food intake in g. 

Nitrogen intake 

WeO 

Urinary nitro- 
gen (mg.) 

F.TCal nitrogen 
(nig.) 

6 

s 

'ez 

0 

Tc 

0 

s 

> 

c 

C5 

0 

Total. 

cJ 

H 

"cS 

c 

E- 

Endogenous. 

C 

U 

H 

"c 

0 

H 

V 

0 

? 

tc 

S 

'W 

C 

s 

0 

tt 

c 

w 

m 

235.0 

14.90 

119.2 

93.9.9 

82.41 

41.76 

40.65 

46.22 

21.01 

25.21 

57 


2M 

23 1.5 

14.10 

112.8 

96.39 

81.06 

44.80 

36.26 

37.27 

20.86 

16.41 

62 


8 F 

196.0 

13.80 

110.4 

96.74 

71.82 

32.60 

r 

38.72 

29.11 

15.45 

13.66 

60 

61 

4F 

208.0 

12.90 

103.2 

93.50 

C5.I50 

32.50 

32.80 

27.21 

17.51 

9.70 

65 



6 
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TABLE IV. 


Showing the biological value of Mucuna pruriens seed proteins at io% protein level. 
(figures for intake and excretion represent daily averages) 



tb 

tb 

Nitrogen intake 

(mg-) 

Urinary nitro- 
gen (mg.) 

Pascal nitrogen 

(mg.) 



.5 

.E 






E 



& 




v 


a 

> 

6 

*5 

> 

CS 

r 


c 

p 


0 

C 

0 

0 





(L> 

. to 


0 

tt 

s 

0 

Tc 

C 3 


c 

'3 E 

= -S si 

c r* 


S 

to 

p 

*0 


fS 

& 

0 


0 

H 


4 

S 


IM 

2.06.0 

14.80 

236.8 

2M 

2.0.i.0 

13.20 

211.2 

OP 

196.0 

14.10 

225.6 

4P 

209.0 

12.90 

200.4 


210.54 

125.25 

41.76 

8.3.49 

191.20 

131.65 

11.80 

86.85 

212.05 

125.00 

32.60 

92.40 

191.34 

128.49 

32..5() 

95.99 


47.12 

20,86 

20.26 

CO 

36.51 

19.51 

17.00 


29.0) 

15.79 

13.25 

56.5 55 

,32.00 

17.54 

15.00 

50 


It appears from the data submitted that the biological value of the proteins of 
the seeds is fairly high at low levels of protein intake. At 5% level the value 
is 61 but at 10% level it is definitely lower, 55. At 15% level the condition of 
rats was not at all satisfactory as stated before. 

In view of the interesting result obtained by the balance sheet method it was 
thought desirable to see if tire seed proteins of Mzicuna pruriens possessed any 
growth promoting values. Experiments were carried out with young albino rats 
of about 30-40 g. weight — the technique followed being that adopted by Basu 
et al (loc. cif.). 

Experiment at 5% level shows that the rats could maintain the original body- 
weight for some time but ultimately lost weight slowly. In other words no growth 
takes place at 5% protein level. These data are, therefore, not recorded here. 
At 10% level (Table V) the seed proteins exhibited some growth-promoting pro- 
perty and the biological value after 4 weeks was "0.76 but this dropped down to 
0.59 after 8 weeks. At 15% level (Table VI) there was a marked drop in the bio- 
logical value even after only 4 weeks due probably to over-ingestion of 1 - 3 : 4 “ 
dihydroxyphenylalanine. The experiment was, therefore, not continued after 
4 weeks. 
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TABLE V. 

Showing the biological value at io% level of protein intake after 4 weeks. 
(figures for intake and excretion represent daily averages) 


Rat No. 

Initial vt. 
(g.) 

Final Tvt. 
(g.) 

Total gain Total protein 
in wt. (g.) intake (g.) 

Biological 

value. 

Mean B.V. 

IM 

, 30.0 

1G.5 

1G.5 

19.4. 

0.85 


2M 

31.0 

46.,i 

lo.o 

20.2 

0.7G 


3F 

33.0 

.1S.5 

15.0 

20.8 

0.1 5 

0.76 

ti\I 

3.5.0 

.50.0 

1 . 5.0 

21 .5 

0.10 


IM 

.30.0 

00.0 

Aft-er 8 weeks. 

25.5 

12.5 

0.60 



31.0 

.IG.O 

25.0 

41.3 

0.56 


, 3 r 

33.0 

59.0 

26.0 

43.6 

0.60 

0.59 

IM 

35.0 

GO.O 

25.0 

40.5 

0.61 




TABLE VI. 


Showing the biological value at 15% level of protein intake aftei 4. weeks. 
(figures for intake and excretion represent daily averages) 


Rat No. 

Initial wt. 
(g.l 

Final wt. 
(g.) 

Total gain 
in wt. (g.) 

Total protein 
intake (g.) 

Biological 

value. 

Mean B.V. 

SF 

31.0 

42.0 

11.0 

28.5 

0.4.’ 


GM 

30.0 

4 . 7.0 

17.0 

28.0 

0.6 


7M 

34.0 

52.0 

18.0 

36.1 

0.5 

0.47 

8M 

37.0 

51.0 

l-l.O 

34.2 

0.4 



Summary 

Seeds of Muoma pnmen,. DC. have been analysed. They contain phos- 
phorus, calcium, iron and manganese.. 

The petroleum ether extract contains chiefly oil, and m the ether e\ 
glucoside has been found. 
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Biological values of the seed proteins have been determined by the balance 
sheet as well as the growth method. By the balance sheet method the value is 
6i at 5% level of protein intake and 55 at 10% level. 

Experiments at 5% level by the growth method show that rats cannot main- 
tain their body-weight for a long time. At 10%, however, the biological value 
after 4 weeks of feeding is 0.76 which drops down to 0.59 after feeding 8 weeks. 
At 15% level the value is distinctly lower (0.47 onty) after 4 weeks. 

As the seeds contain a fairly large amount of I-3 : 4-dihydroxyphenylalanine 
which appear to be toxic, ingestion of a large quantity of seeds cannot 
be recommended. 

Further work is in progress. 

My best thanks are due to Prof. J. K. Chowdhury for his'kind interest. 
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IXTRODCCTIOX 


The importance of the accurate standardisation of insulin is recognised by 
all clinicians. Differences of lo per cent or so in the potency of a particular brand 
of insulin may have serious consequences for diabetic patient.?. No\y that 
attempts are being made to manufacture insulin for the first time in India, the 
need for its standardization becomes all the more important. 


The assay of insulin by the rabbit blood-sugar method was introduced as 
early as 1926 by Marks (i). Considerable work has since been done on tlie 
subject by Hemmingsen and Marks ( 2 ), Hemmingsen (3), Hemmingaen an 
JIarks (4)^ and by the other workers on behalf of the Health Organisation of le 
League of Nations, (5). The performance of the test has been desenbed m detail 
by Bum (6). For the convenience of the workers undertaking the assay of Insulm, 

it is reproduced here in brief. 

Rabbits with large ears weighing between 1.5 to 2 
experiment. Their diet consists of gram, bran, carrot and ‘ 

raSits are taken for each test. They are prepared ^r test by ^ 

from their cages' in the afternoon of the day previous to the test Y ater is e 

in cages. On the next day, ‘''»y n^the 

rabbit of the first group receives an injection . } 

International standard Insulin and each of the second group ° 

the unknown as may be expected to contain one unit of ^ 

the solution injected is about 0.5 cc in both cases. Sample. 

rabbit are obtained before the injections of interA-al='’for five 

sugar contents of these samples are determined. At ^ 

hours after the injection, samples of blood are yathdrawn from each rabbit. 
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five samples of blood from each rabbit obtained at hourly intervals "are pooled 
by putting o.i cc of blood from each hourly sample into a test tube containing 
4 c.c. of solution (A), so that at the end of the experiment, each test tube contains 
0.5 cc of blood which would represent the average of the five samples., The 
blood sugar of these pooled samples is determined. 

The cross over test. On the first' day of test, half of the rabbits are injected 
with I unit of standard insulin and the other half are injected with the unknown 
sample. On the second day of the test, the groups are crossed over so that 
those which received the standard now receive the unknown, and those which 
received the unknown are injected with the standard. 

If the initial fasting blood-sugar is X, and the average of the five bleedings 

after insulin injection is Y, then the percentage of blood-sugar reduction is — ^ x 100. 

The average percentage of blood-sugar reduction for rabbits on standard insulin 
and the corresponding average for rabbits on a similar dose of the unknown 
sample, are calculated and compared with each other. If the two figures differ 
from each other by more than 15 per cent, the dose of the unknown is altered 
to such an extent as to bring the effects of the standard and sample nearer each 
other. When the comparative effects of the standard and sample differ from 
each other by less than 15 per cent, the following formula is applied in order to 
arrive at the exact potency of the unknown sample. 

- , , , T , f EH’f'ct of stniulard I 

Lop:, potency of the sample = Log. assumed potency+5 | Effect "of "iinknown 

The assumed potency is usually the strength stated on the label, which is 
tacken to be correct for deciding the dose of the unknown sample to be injected. 
If the effect of the sample (the dose being given on this assumption) differs widely 
from the effect of the standard, it must be concluded that the potency declared on 
the label is wrong. From the results of the first experiment the worker can assign 
an aproximate potency to the sample and on this asumption can alter the dose of 
the unknown in order to get an effect comparable with that of the standard. When 
this is done, "the assumed potency in the above formula" will be the strength 
assigned bj' the worker. The exact potencj^ is then calculated from ,the above 
formula. 

Correction for the initial blood-sugar ’. — Hemmingsen and Marks {loc. cit) have 
shown that the figure for the percentage blood-sugar reduction increases with 
increasing initial value of the blood-sugar. Hence if the initial blood-sugar values 
are higher for the unknown sample than for the standard, the percentage reduction 
figures for the salmp'le wOl be too high. The converse is also true. The best 
approach to a correction is to find the difference between the total figures for 
the initial values, to multiply this difference by 0.22 and to add the result to the 
total of the percentage reductions on the side showing the lower total value of 
initial blood-sugar. 
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Determinaiion 0/ blood-sugar \ — The procedure used by Marks (7) for 
determining blood-sugar is^ a combination of Somogyi’s (8) method of precipitating 
the proteins with Hagedorn and Jensen's (9 and 10) method of estimating sugar. 


Solution A. 

Zinc .sulplinte (ZnSOj, TH^O) 

Y. sulphuric acid 
Distilled water 

Solution B. 

N. sodium hydroxide 
Distilled water 

This solution must be adjusted so that 6 ec. exactly neutralii'es I cc. solution V. 

When Solution A is mixed with Solution B in proportion of i to 2, the mixture 
should not be red to phenolphthalein, and the clear supernatant fluid should not 
give a further precipitate of zinc hydroxide on the addition of more of solution B. 


•2.J g. 

62.5 cc. 
to 2,000 cc. 


100 cc. 
to 2,000 cc. 


Solution C. 

Potassium ferricyanide 

Anhydrous sodium carbonate 

Dissolved in distilled water and diluted 


0.825 gm. 
5.8 gni. 
to 1,2.50 cc. 


Solution D. 


Acetic Acid (glacial) 

Distilled water 

... ••• 

3 cc. 

100 cc. 

Solution E. 



10 cc. of solution E. to 90 cc. of solution E,. 


Solution E,. 

.Solution Ej. 


Potassium iodide 20 gm. 

Distilled water to IdO cc. 

Zinc sulphate 

Sodium chloride 
Distilled water 

25 gm. 

125 gm. 
to 1.50 cc 

Solution F. 



N/10 sodium thiosulphate ... 

Sodium bicarbonate 

Distilled water 

... ' ••• *** 

to 

5 cc. 

0.01 gm. 

100 cc. 

Starch indicator is prepared by making 1 
distilled water and pouring into 100 cc. boiling 

gm. soluble starch into a 
saturated XaCl. 

paste with a little 
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Procedure : — 4 cc. solution A is put in a test-tube and 0.5 cd. blood is 
delivered into it. 8 cc. of solution B is added, the test-tube is shaken and placed 
in a boiling water bath for 2-3 minutes. The liquid is filtered through a dr}' 
paper. Take 5 cc. filtrate and 5 cc. solution C in a test-tube with a small 
glass funnel resting on the top to minimize evaporation. Place in a boiling water 
bath for 15 minutes. Cool, add 2 cc. solution D and 3 cc. solution E. Titrate 
with solution F from a burette, using the starch as indicator. 

The blank titration, when this procedure is followed without the addition of 
blood filtrate, i.e. in the absence of sugar, sEould be precisely 2 cc. 

The following table gives the percentage of sugar in the blood corresponding 
to amounts of thiosulphate used less than 2 cc. 


TABL& I. 

Determination of blood-sugar. 


cc.;^- Hiio'iulpliate 


Percentage blood-sugar. 


0.0 


192.5 mgs. 


0.1 


177.5 


0.2 


165.5 


0.8 


155.0 


0.4 


1*15 


0.5 


j.i.) 


0.6 


125.5 


0.7 


116 


0.8 


ior.5 


O.S) 


97.5 


1.0 


88.5 


1.1 


79.5 


1.2 


70.5 


1.3 


62.0 


1.4 


.53.0 


1.5 


44.0 


1.6 


.35.0 


1.7 


26.0 


1.8 


17.0 


1.9 

. - 

8.5 


- 
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An examination of the methods employed (Quarterly Bulletin, League of 
Nations, 1936) reveals certain differences between those of European and American 
workers. In the Insulin Committee Laboratory in Toronto, and in the Lilly 
Research Laboratories, U.S.A., the dose of insulin ordinarily given is 2 units per 
rabbit of 2 kg., whereas in the National Institute for Medical Research, London, 
and other European laboratories, the dose is i unit per rabbit or approximately 
0.5 unit per kilo. In the American continent, the bleeding of the rabbit is carried 
out at intervals of i^, 3 and 5 hours after the subcufaneous injection of Insulin, 
and a sugar determination on the pooled filtrates from the three samples is made. 
In Europe however, the bleeding is carried out at hourly intervals and the sugar 
content of the pooled sample is determined. These two methods have been 
compared in the present paper. 


Marks (ii) has determined the relation between dosage and hypoglycemic 
effect and has found that when doses above 0.75 unit per kilo are given, there 
is no further increase of effect. Higher doses produce effects which are^ not 
proportional to th^ doses and therefore do not give results of value in determining 
the potency of the unknown sample. Burn {loc. cii) is of opinion that the^ dose 
used in Toronto is too high unless rabbits in Toronto are much more resistant 
to Insulin than rabbits in London. Data relating to dose and response for the 
rabbits in America are not available and it is therefore not possible to orm m 
opinion as to whether the dose used in Toronto is too high. If there is a possi 1 
of differences in sensitiveness of rabbits, it is desirable to study the response 
insulin of rabbits in India in order to fix a suitable level of dosage for use in rou me 
assays in this country. 


Hemmingsen and Marks (te. dt) have 7 “°" IS 

average fall of blood sugar during the 5 hours following t e ^ ftiinis r 1 
and L initial blood sugar level. They have found that the absolute M tends 

to increase with increasing initial values. It is- therefore f 

the fasting blood sugar of a large number of rabbtts m India. This has also 

carried out. 


Experimental 


Rabbits varying in weight from i.5'2-0 kg., were ^ bSorc 

ex. or colour. They were kept under laboratory diet for at kast 7 

xperiments were started. The animals were ^^Sre .vas 

leWmination by keeping them without food for at by 

aken to eliminate abnormally sensitive and insensitive animals as suggested 03 

lershey and Lacey (12). 

7 
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Table II gives the blood-sugar levels of 40 normal rabbits. 

TABLE II. 


Rabbit 

Fasting Blood sug.ir 

Rabbit 

Fasting Bloo.l •-iigar 

No. 

mgs/ 100 cc. 

' No. 

mgs/100 cc. 

I. 

*108 

21. 

118 

2. 

9.1 

22. 

12.1 

a. 

IIG 

2.3. 

13.1 

A. 

89 

21. 

118 

5. 

9.3 

2.1. 

IIG 

G. 

112 

2G. 

IIG 

7. 

10.1 

27. 

125 

8. 

108 

28. 

1.30 

9. 

110 

29. 

110 

10. 

1.36 

.30. 

122 

11. 

127 

.31. 

11.1 

12. ■ 

140 

32. 

125 

13. 

14-.1 

33. 

108 

14. 

14 S 

31. 

' 112 

IS. 

11.1 

.3.1. 

118 

IG. 

120 

3G. 

128 

17. 

90 

37. 

1.35 

18. 

15S 

38. 

114 

19. 

150 

39. 

95 

20. 

145 

40. 

82 

Average : — 118.8 

mgs. .±13.4 








The average initial blood-sugar was found to be 100 mgs. by Hemingsen in 
Copenhagen while Marks working in London found it to be 118 mgs. which 
corresponds to the average value obtained by us. The normal variation of the 
fasting blood-sugar is between 80 and 120 mgs. per 100 cc. The values obtained 
by us show that quite a large proportion of rabbits were at the higher range as 
will be evident from the frequency distribution (Percentage of rabbits with fasting 
blood sugar between 80 to 120 = 58 ; percentage of rabbits with blood sugai^ above 
120 = 42). Although the average value is 118.8, a positive tendency towards a 
higher value than those obtained by workers in Europe, is observed in India. 
On account of this increased fasting blood sugar, the response to insulin would 
be expected to be slightly higher than those obtained by other workers. 
(Hemmingsen and Marks, 4). 
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Table III gives the relation between dose of an International standard of 
cr3'stalline insulin and the percentage of blood sugar reduction as estimated on a 
pooled sample of 5 successive hourly bleeding. 


TABLE III. 


Dose : 
unit /kg. 

0.25 

0.5 

0.75 

1.00 

1..50 

No. of 
Rabbit. 

Blood sugar 
reduction 

0/ 

/O 

Blood sugar 
reduction 

0/ 

/O 

Blood sugar 
reduction 
% 

Blood sugar 
reduction 

0/ 

JO 

Blood .sugar 
reduction 

% 

1. 

IS.I 

38.5 

1 1.5 

47.8 

47.8 

2. 

22.5 

32.G 

46.8 

42.5 

19.1 

3. 

25.G 

11.5 

32.9 

.56.1 

.5.5.6 

I. 

ir..5 

16.4 

15.8 

48.9 

56.2 

5. 

20.1 

.30.8 

31.2 

‘11.9 

.39.1 

G. 

15.2 

38.2 

41.4 

51.5 

51 .5 

r. 

27.5 

28.2 

48.9 

.56.8 

46.9 

8. 

25.5 

20.1 

36.4. 

5.5.2 

49.8 

!). 

20.8 

45.8 

28.5 

18.2 

55.8 

10. 

2'1'.2 

4.1.2 

49.8 

50.1 

58.4 

11. 

26.5 

37.9 

.51.8 

.52.5 

57.5 

12. 

M.8 

20.8 

51.8 

46.8 

.5.5.2 

13. 

18.1 

38.4 

.50.2 

.52.2 

51.1 

’ 11. 

26.4 

41.5 • 

42.8 

11.4 

51 .5 

1.1. 

17.8 

41.8 

32.5 

16.8 

19.5 

16. 

32.0 

28.5 

.38.2 

■1-1.2 

47.9 

Average 

reduction 

0/ 

JO 

21.S 

36.5 

42.3 

49.1 

51.6 

Corresponding 
figures of 
Marks 

20 ' 

33 

11 

41 

15 


The difference in the findings is comparative^ small and might be attributed 
to the differences in initial sugar content. 

The dose-response curve shows that when doses above i unit per kg. are 
given there is no further significant increase in effect. When the dose of i unit per 
kilo is given the effect is nearty maximal. 

A comparison was made as to the figures of blood sugar reduction obtained 
b}' the use of the different methods of pooling employed b}' British and American 
workers respectivety, that is, bj' (a) estimation on a pool of 5 hourh' samples 




Pcrfcuta(ic of Wood siipur reduction 
in tile liourl\ pool. 

(British Method) 


Pcrcciitafte of blood sugar reduction in 
the pool of l-J, ;i and .> hours. 
(Toronto Method) 


27.2 

27.5 

3J..1 

32.6 

25.8 

37.8 

36.1 

21.9 

41..) 

.30.5 

46. .1 

.32.8 

41.2 

21.4 

30..1 

21.5 

30.6 

.36.5 

41.5 

26.8 

37.9 

37.1 

29.8 

31.7 


m, = 35.1 +1.8.') 


m. = 30.1 ±1.72 


4 


Square of standard Error 

= 3.423 

‘“ 1 - ‘“2 

J4 4 


T = 




Significance Test. 




5.0 

S.381 


= 1.978 


ProbahUit> of error of sampling is about 0.0.1. 

The difference can, therefore, be regarded as significant. 


Square of standard Error 

E? = 2.958 













ASSAY OF INSULIN IN INDIA 


53 


The fall, of blohd sugar, as determined in the pool obtained by hourly bleeding, 
represents a better average reduction during the whole period of the experiment 
than the one determined in the pool obtained by the bleeding at intervals of 
3 and 5 hours after insulin injection (t=i.978, P = o.05). Nevertheless the 
smaller number of bleedings at slightly larger intervals would be a great 
convenience, particularly when 10 or more rabbits have to be experimented upon 
at the same time. In assaying samples of insulin, the effects are always compared 
at the same time with those produced by the International standard of insulin 
on an equal number of rabbits. As the intervals of bleeding will be the same 
in both groups, the responses measured will be strictly comparable and hence 
assessment of potency will not be affected. If, however, the difference between 
the results obtained by the two methods of pooling had been greater, there would 
have been less justification for adopting the American method. The effect as 
measured by the American method, is about 30% blood sugar reduction with a 
dose of 0.5 unit per kg., which is still in the region of proportionality between 
dose and effect. Hence the dose of 0.5 unit per kg. is considered suitable. 


Summary 

I. The fasting blood sugar of rabbits in India (irrespective of breed, colour 
and sex) has been determined in 40 rabbits and the average value is found to be 
118.8 mgs. per 100 cc. with a standard deviation of 13.4. The values in 42 per 
cent of the animals tend to be higher than 120 mgs. per 100 cc. 


2. The response of these rabbits to graded doses of insulin has been 
determined. A dose of 0.5 I.U. per kilo is found in Indian rabbits to give a 
submaximal hypoglycaemic effect and at this level, a suitable proportionality 
between dose and response is obtained. 


3. The responses to the same dose of Insulin, as measured by the British 
method of pooling equal quantities of hourly samples of blood and by the Toronto 
method of pooling from three bleedings at intervals of li, 3 ^^d 5 hours ha\’e 
also been determined. The latter method of pooling gives a slightly lower 
percentage of blood sugar reduction than the former. 


4. As the American method of pooling involves a smaller number of 
bleedings, it is considered suitable for adoption in assa5nng samples of insulin in 
India. The accuracy of estimation of potency is not affected since the same 
intervals of bleeding are adopted for rabbits injected with standard insulin, the 
two groups of experiments being carried out simultaneously. 
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THE STABILITY AND ABSORPTION OF THE ANTIGENS OF BACT. 
TYPHOSUM WITH SPECIAL REFERENCE TO ORAL IMMUNIZATION. 

PART I 

S. MUKERJEE'^ 

From the Indian Institute for Medical Research, Calcutta 
(Received for publication, December 27, 1944) 

Immunizing value of oral vaccine with Bact. typhosum and the immunity 
produced by such vaccination in experimental animals as well as in human subjects 
have long been advocated (i). Prophylactic properties of such vaccination against 
typhoid infection have been tried in mass experiments and oral vaccines are being 
utilised by many for the purpose of prophylaxis, as alternative to injectable 
vaccines. Oral vaccines have also been tried for curative purposes and recently 
there is a growing tendency to adopt them in general practice. 

There still remains great diversity of opinion regarding the precise mode of 
action of 'oral vaccines and very little work has been done to follow the process 
of changes and the fate of the' antigens of the oral vaccines in the gastro-intestinal 
tract as well as their absorption and utilisation in the system in the production of 
immunity. The evidence so far recorded is indirect as demonstrated by the 
development of antibodies in the serum or resistance acquired by the vaccinated 
animal or human subjects to subsequent infection by the same organisms. While 
Besredka and his group think that the immunity produced by oral vaccine is 
purely ‘local’ in the receptive cells of the intestine, the other workers including 
Topley and Wilson believe that the immunity reaction after oral immunization 
is ‘general’ and accompanied by appearance of humoral antibodies. But one 
point remains clear that whatever may be their mode of action, there can be no 
doubt that the antigens of Bact. typhosum. must reach the intestinal mucosa in 
an unaltered state before they could stimulate the production of immunity, whether 
‘local’ or ‘general’ or both. 

The rapidly increasing incidence of typhoid fever in this country and special 
grounds for a wider adoption of the oral route of vaccination in mass prophylaxis 
against typhoid infection in this country has been stressed by the author (2) in a 
paper in 1939. But the cost of imported oral vaccines is ir.iJoabtedly prohibitive 
to be utilised for mqss prophylaxis. Therefore, apart from the academic value, 

•This -nork was carried out with a Fellowship under the Indian Research Fund 
Association. 
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it would also be interesting to analyse the oral vaccines on immunological back- 
ground and find out the possibilities of producing potent and efficienf oral vaccine 
at economical rates. 

Experimental 

Immunizing Antigens : 

Oral vaccines used for prophylactic and curative purposes essential^ consist 
of dead bacteria and various methods adopted for preparation and preservation 
of typhoid vaccines have got unequal effects on the potency of the different anti- 
genic constituents of Bact. typhosum. Hence several methods were utilised for 
the preparation of the antigens. 

Two principal forms of antigens were used. One consisted of bacterial emul- 
sion, while the other consisted of water soluble filtrates of the product obtained 
on lysis of the bacteria. As it can be understood that, while the antigens in the 
form of bacterial emulsion can easily escape from full action of any reagent under 
cover of bacterial cell, the watery solution of the antigens of Bact. typhosum will 
be much more readily acted upon by such reagents, if -the latter has really any 
action on those antigens. It was, therefore, decided to use both the forms of 
antigens for stability tests. 


A. Bacterial lysate — Endotoxin of Grasset (5) ; 

X. For H and 0 antigens’. Strain H 901 was grown in Roux bottles and 
emulsions were made in sterile distilled water. It was then centrifuged, washed 
with distilled vf^ater and resuspended in distilled water in strength of 10,000 million 
per c.c. It was then subjected to alternate freezing and thawing for 6 times, 
after which it was filtered through candles. The clear watery filtrate after sterility 
test was kept in refrigerator. It was found that the average' lethal dose of 
this filtrate for a rabbit weighing one kilogram was between 0.5 cc. to i cc. When 
a sub-lethal dose was injected in rabbits, they gave rise to high titre of H and 0 
antibodies in their sera, showing thereby that this filtrate contained potent H and 
O antigens. 

2. For Vi antigen : Attempts were made to extract soluble Vi antigen from 
filtered tysate of the strain Vi I of Bhatnagar (4), which is rich in Vi antigen 
and contains a small amount of O antigen but no H antigen. Grasset (5) failed 
to obtain Vi antigen in the bacteria-free lysate of Vi strains of Bact. typhosum. 
But Rauss (6) by alternate freezing and thawing could extract an alcohol-precipit- 
able carbohydrate, which stimulated production of Vi agglutinins. In connection 
with the present series of experiments it Avas found that filtrates obtained 
after freezing and thawing of Vi I strain contained Vi antigen only in trace, jusl 
sufficient to give rise to a low titre of Vi agglutinins in the serum of rabbits, 
when the latter received repeated doses of large quantities of bacterial lysate. 
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Owing to the insufficient quantity of the Vi antigen present in the lysate and 
failure of rabbits to respond properly to produce Vi antibodies in sufficient titre 
by injections of these lysates, the latter could not be utilised in experiments for 
the investigation of stability test of Vi antigen. 


B. Bacterial Emulsions : 

1. H plus 0 antigens: As heat is known to have a deteriorating effect on 
H antigen of Bact. fyphosum, formalin was used for killing and preserving H 
antigen. Emulsion from growth on agar media of H 901 was made in saline 
containing 0.2% formalin. It was left at room temperature for 3 days. When 
the emulsion was found sterile, it was kept in refrigerator for future use. 

2. 0 antigen : 33% alcoholic extract of 0 901 strain was used for 0 antigen. 

3. Vi antigen: It is known that most of the common laboratory methods 
used for preparation of bacterial vaccines have got unfavourable action on Vi 
antigen of Bact. typhosum. The Vi antigen of Bact. fyphosum is destroyed by 
heat at 6o°C for i hour (7) as also by preservation in 0.5% carbolic (8). Addition 
of 0.2% formalin as preservative alters the antigen to such an extent that when 
rabbits are immunized with such antigen, Vi agglutinins are produced in their 
sera, but the latter fail to protect mice effectively against virulent strains of Bact. 
typhosum. Such antigens are considered as 'functionally deficient’ (8). But 
alcohol has been found to be a good bactericide and preservative for Vi antigen 
(g, 10, ii). For immunization with Vi antigen, therefore, freshly prepared alcohol- 
killed suspensions were used. For immunizing antigen Vi I strain was mainly 
utilized because it was rich in Vi antigen and devoid of H and deficient in O 
antigens. 

' These antigen preparations were subjected to the action ofr various reagents 
such as acid, alkali, peptic-digestion, tryptic-digestion, artificial gastric juice, pan- 
creatic extract, intestinal extract, etc., and then injected into rabbits in order to 
test the effect of the reagents on the potency of the antigens. If they were found 
capable of producing antibodies in the sera of rabbits, it would be inferred that 
the antigens are resistant to the action of the reagents. By thus following the 
stability of the antigens in the various reactions in the gastro-intestinal tract it 
would be possible to study the fate of the oral vaccine. 


Animal Immunization : 

Rabbits were injected intravenously with suitable doses of treated or un- 
treated’ antigens. After 10 days blood was collected from them and the sera 
were tested for the presence of different agglutinins and their maximum titres were 
recorded. Before injections, samples of blood were tested from normal rabbits. 
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An}^ rabbit showing agglutination titre of i in 50 for O or H antigen and i in 20 
for Vi antigen before immunization was rejected. It has been observed that while 
rabbits are highly sensitive animals, which after receiving single injections of H 
and O antigens of Bact. typhosum would give rise ta the production of high titre 
of 0 and H antibodies, they are much less sensitive to the antigenic stimulation 
by the Vi antigen of the same organism. Single administration of comparatively 
big doses of vaccines either failed to stimulate the formation of Vi agglutinins in 
their sera or the titre developed was very low. Therefore, injections had to be 
repeated at interv'als of 7 to 10 days in order to ascertain whether the Vi antigen 
in the 'treated' vaccine remained potent or not. 


Agglutination Test : 

For H and 0 agglutination the method described by Felix and Gardner (12) 
was followed. For Vi agglutination Bhatnagar’s method (private communications) 
by using Vi I strain was principally used, while Watson strain was also included 
as duplicate control. As natural Vi agglutinin was present in the serum of large 
percentage of rabbits tested, and rise in the titre of I^i agglutinins after immuniza- 
tion wais comparative!}' low, a control of normal serum of the rabbit was always 
tested side by side -with its immunized serum, when the "latter was titrated for 
Vi agglutinins. Agglutinogen used was living Vi I or ^Watson strain and readings 
were taken after incubation for 2 hours at 37°C and for 20 hours at 2o°C, 

Stability test with each reagent was performed on groups of animals. Owing 
to individual variation from animal to animal the result naturally varied. This 
was most marked in experiment with Vi antigen. It has already been mentioned 
that antibody response to stimulation by Vi antigen is usually small. While some 
animals in a group receiving a low-potency Vi antigen failed to give rise to Vi 
agglutinins even after 2-3 doses, others similarly treated showed development of 
Vi agglutinin in low and moderate titres. In such cases if any rabbit of the 
injected group showed significant rise in the titre of Vi agglutinin, it was inferred 
that the injected substance contained potent Vi antigen. The degree of potency 
was to be judged by comparing this group with the control group, which received 
the antigen in untreated form. 


Results 

I. Stability oj the antigens 0/ Bact. typhosum in acid : 

The optimum acidity 'of the human gastric juice is 0.2% and the duration 
of food staying in the stomach is about 2 hours. Therefore in this series of tests 
for acid resistance of typhoid antigens, the strength of the acid was up to 0.2% 
of hydrochloric acid and period of contact was 2 hours at 37 °C. Special attention 
was devoted to study the effect of various reactions of gastric digestion on the 
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Vi antigen. Therefore, in experiments with acid, acid-pepsin and gastric juices, 
the effect of these reagents on Vi antigen will be recorded separately from that 
of H and- 0 andgens. 


TABLE I. 

Acid resistance of Vi antigen. 


No. of E.vperiniciit. 

Antigen used. 

Percentage of acid. 

Dose injected. 

No. of rabbits in 
the group. 

No. of rabbits 

showing significant 
rise in titre after 
injection. 

Average Vi titre 
after injection. 

1. 

Alcoholic Vi I 

Nil. 

7000x10' divided 

2 

0 

320 



(control e.vp.) 

in 3 doses. 




2. 

ii a 

0,02.j 

ii 

2 

2 

320' 

3. 

a a 

0.050 

ii 

2 

2 

120 

4. 

>1 a 

0.200 

ii 

3 

2 

.. ,..j 

80 


It has been recorded by Felix and Pitt (g) that Vi antigen is inactivated after 
treatment with relatively strong concentration of HCl (5%) at room temperature. 
But it can be seen from the above Table -that Vi antigen when kept in contact 
with hydrochloric acid for 2 hours could resist its action up to the. strength of 
0.2%. And although its potency is reduced,. it could still give rise to Vi agglu- 
tinins in low titre. 


(ii) Acid resistance of O and H antigens : 

For testing stability of 0 and H antigens in acid, antigens were used both 
,in the form of bacterial emulsion as well as lysates. The result is given in Table'll. 


TABLE II. 

Showing acid resistance Of 0 and H antigens. 
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1 . (Control) 

Fornialinisccl 



emulsion of H" 90l 

Ail. 

300x10' 

2 

2 

3,200 

2 

3,200 

2. 

' >» 

0.2 

ii 

2 

2 

3,200 

2 

600 

3 . 

(Control) 

Endotoxin Lot I 

Nil. 

0.25 cc. 

2 

2 

4.000 

2 

4,000 

4 . 


0.2 

0.25 cc. 

0 

2 

3,600 

Nil. ^ 

100- 


* — means n negative or no agglutination. 
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It can be seen from the above experiments that the two rabbits after injection 
of 0.25 cc. of endotoxin of Bact. typhosum developed both H and O agglutinins 
in high titre. But the rabbits, which received injections of acid treated endotoxin 
developed -high titre of O agglutinins but failed to show H agglutinins in their 
serum. It -has been our experience in large number of experiments that rabbits 
are highly sensitive animals, which after injection- with moderate dose of potent H or 
0 antigen never failed to develop the corresponding antibodies in their sera, although 
individual variations from animal to animal in titre of antibody response have 
always been noted. It was, therefore, very likely that the flagellar antigen in the 
acid-treated endotoxin was destroyed. To test the sensitiveness of rabbits of the 
last group to H antigen, 0.5 cc. of the endotoxin (untreated) was then injected. 
This was followed by a rise in H agglutinin to a titre of i in 3,200. It can also 
be seen in the above Table that although acid treated emulsion of Bact. typhosum 
gave rise to both H and O agglutinins, the titre of H agglutinin was very low 
and much lower than that of O agglutinin. It can, therefore, be inferred that while 
O antigen is stable in 0.2% hydrochloric acid for 2 hours, H antigen in acid- 
treated emulsion has deteriorated, although not totally destroyed as in acid-treated 
endotoxin, whore the antigens being in solution come in more intimate contact 
with acid in the mixture. 

2. Stability of the antigens in acid pepsin digestion : 

In this series of experiments pepsin was used as powder. Preliminary test 
for proteolytic power of pepsin was tried with coagulated egg albumen and acid 
casein solution. It was found satisfactory. 0.2% hydrochloric acid and 2% 
pepsin was used in the final mixture. It was then incubated at for 2 hours. 

(i) Stability of Vi antigen in acid pepsin digestion : 

Washed alcoholic suspension of Vi I was used as antigen. The result is 
given in Table III. > 

TABLE III. 

Showing effect of acid pepsin digestion on Vi antigen. 


No. of Experiment. 

Antigen used. 

Percentage of HCI. 

Percentage of 
pepsin. 

Dose injected per 
rabbit. 

No. of rabbits per 
group. 

No. giving rise to 
significant Vi titre. 

Average titre of 
Vi-agglutinin. 

1 . 

Arcoholic Vi I 

0.2 

2 

5000X30' 

(in B doses) 

2 

2 

100 

2. 

(Control) „ 

Nil. 

Nil. 

5000X10' 

(in 3 doses) 

2 

2 

240 


It will be seen that as compared with the control, the rabbit injected with 
acid-pepsin-treated Vi antigen developed lower titre of Vi agglutinins. But the 
Vi antigen’ was still potent after treatment with acid-pepsin mixture for 2 hours. 
The result is similar to that obtained intthe experiment with acid-treated Vi antigen. 
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(ii) Stability of H and 0 antigens in acid-pepsin digestion : 

Both endotoxin and formalinised emulsion were used. The result given in 
Table IV shows that addition of pepsin to the acid solution has the same action 
on O antigen as when acid only is used. But in case of flagellar antigen the 
addition of pepsin has enhanced the deterioration of the H antigen. 

TABLE IV. 

Showing the effect of ‘ Acid-pepsin digestion on 0 and H antigens. 


No. of Experiment. 

Antigen used. 

Percentage of HCl. 

Percentage of 
pepsin. 

Hours of incuba- 
tion. 

Dose injected per 
rabbit. 

No. of rabbits 

per group. i 

No. giving rise to 
significant 0 titre. 

Average titre of 
0 agglutinin. 

‘No. giving rise to 
significant H titre. 

Average titre of H 
agglutinin. 

1. 

Formalinised 











H 901 

Nil. 

Nil. 

... 













300x10' 

2 


2 

3,200 

2 

3,200 

2. 

»> 

0.2 

2 

2 

II 

2 


2 

4,000 

Nil. 

100- 

3. 

Is 

0.2 

2 

24 ' 

11 

2 


2 

3,200 

Nil. 

100- 

4. 

Endotoxin 











Lot I 

Nil. 

Nil. 

... 




' 


* 




- 



0.25 cc. 

2 


2 

4,000 

2 

4,000 

5. 

19 

0,2 

2 

2 

0.25 cc. 

2 


2 

8,200 

Nil. 

100- 


A portion of the 24 hours’ acid-pepsin-digested formalinised H 901 was filtered 
and 0.25 cc. of the filtrate was injected to rabbit No. 22, which developed an 
0 titre of i in 3200 but no H titre. 


3. Stability in gastric juice of rabbit : 

It has been our experience that in rabbits food remain in their stomach for 
a very long time and the stomach is not empty even after starvation for 48 hours. 
So it was not possible to bring out gastric juice of rabbit by means of catheter, 
which became easily chocked by semi-digested food particles. Therefore, gastric 
contents of rabbits were collected by means of stout pipettes or 5 cc. syringes 
through gastrotomy opening. The rabbits after starvation for 24 hours were 
allowed to drink water half-an-hour before operation. The abdomen was opened 
under local anaesthesia with Procain hydrochlor. The gastric content was drawn 
out by means Of pipette. The water, which the rabbit was allowed to drink before 
operation, helped to dilute the gastric content which would otherwise have been 
difficult to be sucked into the pipette. The gastric content was then centrifuged. 
The supernatant fluid was found to contain high percentage (0.15 to 0.3%) of free 
hydrochloric and good proteolytic properties for coagulated egg albumen. This 
was used for gastric juice of rabbits. 

(i) Stability of Vi antigen in gastric juice of rabbits : 

A few drops of concentrated washed alcoholic suspension of Vi I strain of Bact. 
typhosum were added to a few cc’s of gastric juice of rabbits and it was incubated 
at 37°C for 2 hours. The required amount was then diluted in saline and injected 
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into rabbits. As usual for experiments with Vi antigen, the injecttions had to 
be repeated at intervals of seven to ten days and every time a Vi suspension, 
freshly treated with newly collected gastric juice, was used. The result is given 
in Table V. 

TABLE V. 

Showing effects of rabbits’ gastric juice on Vi antigen. 
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4 
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2. (Control) Alcoholic Vi I. 

Nil. 

4000X10' ... 

2 

2 

240.0 



(in 2 doses) 





It will be seen from the above Table that the potency of the Vi antigen is 
reduced by treatment with rabbits’ gastric juice for 2 hours, although it is still 
capable of stimulating Vi antibody in the serum of rabbits. 


(ii) Stability of H and 0 antigens in gastric juice of rabbits. 

Both endotoxins and formalinised suspension of H 901 were used in the test. 
The result is given in Table VI. 

TABLE VI. 

Showing effect of rabbits’ gastric juice on H and O antigens. 
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300X10' 

0 

9 

.3200 

0 

■ .3200 

2. 

Formalinised 

H 901 

2 

300X10' 

1 

1 

2400 

Nil. 

100- 

3. 

Formalinised 

H 901 

20 

500X10' 

1 

1 

G400 

Nil. 

100- 

4. 

(Control) 

Endotoxin 

Lot I 

Nil. 

0.25 cc. 

2 

2 

4000 

2 

4000 

5. 

Endotoxin 

Lot I 

20 

0.50 cc. 

1 

1 

.3200 

Nil. 

100- 


The result recorded in the above Table shows that while 0 antigen is perfectly 
stable in the gastric juice of rabbits, H antigen is totally destroyed by it. 
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4. Effect of gastric digestion of monkey : 

One medium sized healthy Rhesus monkey was selected for the experiment. 
It was kept on banana diet for one week. Then it was starved for 24 hours and 
35 cc. of typhoid emulsion (containing 27,000 million per cc.) of a mixture of 
Vi I (alcoholic), T. E. D! (alcoholic) and H 901 (heat-killed) was introduced into 
the stomach by means of a catheter. 3 hours after, 5 cc. of the stomach content 
was withdrawn. , 

Analysis of the Gastric Content : 

Whitish mucoid, slightly tinged with bile, the clotted bacterial clumps formed 
uniform ’ emulsion on dilution with distilled water. On microscopic examination, 
most of the bacteria appeared to be partially digested. Acidity — ^free HCl 0.054%, 
total acid 0.11%. 

0.05 cc. of the gastric content was injected intravenously into rabbit No. 45. 
It' developed the following titre : 

Vi — 40 + 

0 — 3200 + 

H, — TOO - 

This experiment showed that 0 and Vi antigens were resistant to the gastric 
digestion of monkey. 

After administration of oral vaccine the monkey was kept only on water for 
another 24 hours and then normal food was given. The blood of the monkey 
was titrated at intervals of 3 days. The result is given in Table VII. 


TABLE VII. 

Agglutinin titre in the serum of monkey after oral vaccine. 


JDays of 

Oral vaccine. 

Titre of 

Vi agglutinins. 

Titre of 

0 hgglutinins. 

Titre of 

H agglutinins. 

Before 

20- 

20- 

20- 

5lh day 

20 (±) 

20+ 

20- 

8th „ 

20 (±) 

40"(“» 804' 

20- 

nth „ 

20 ± 

40+, 80 ± 

20- 

nth „ 

20+, i0± 

40+, 80+ 

20- 

17 th „ 

20+, 40* 

40+, 80 i 

20- 


It may be noted here that no bile was administered before or wth the oral 
vaccine. • 


5. Effect of human gastric juice : 

Gastric juice was collected b}^ means of Ryle’s tube both in empty stomach 
as well as after test meal (oat meal). After preliminary titration for acidity each 
sample was centrifuged and the supernatant fluid was used. Samples of gastric 
juice showing absence or low content of HCl were rejected. 
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(i) Stability of Vi antigen in the ''human gastric juice : 

Equal parts .of gastric juice collected at the height of digestion and typhoid 
emulsion were mixed together and then incubated at 37°C. After 2 hours the 
desired quantity was injected into rabbits. 


TABLE Vin. 

Showing effect of human gastric juice on Vi antigen. 


No. of Experiment. 

Antigen used. 

Hours of contact 
■vvith human gastric 
juice. 

Hose injected per 
rabbit. 

Number of rabbits 
per group. 

Number showing 
significant Vi titre. 

Average titre of Vi 
agglutinin. 

1 

1. 

Alcoholic Vi I 

Nil. 

2500x10' 

2 

2 

80 




(in 2 doses) 



- 

2. 

Alcoholic Vi 1 

2 

2500x10' 

2 

2 

60 




(in 2 doses) 





It can be seen in the above Table that the effect of human gastric juice on 
Vi antigen is similar to" that of rabbits’ gastric juice. 


(ii) Stability of H and 0 antigens in human gastric juice : 

■'•Both resting gastric juice as well as gastric juice at the height of digestion 
after test meal were used. The result is given below. 


TABLE IX. 

Showing effect of human gastric juice on H and- 0 antigens. '• 
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2 

. 2 
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2 

150 

2. 

20 

350X10' 

1 

1 

1600 

Nil. 

100- 

3 . Endotoxin Lot I 

2 

0.25 cc. 

1 

1 

3200 

Nil. 

100- - 

4. 

20 

0.25 cc. 

1 . 

1 

3200 

Nil. ■ 

100- 


It may be seen in the above Table that human gastric juice has got strong 
destructive action on H antigen but little effect on 0 antigen of Bact. typhosum. 


6. Stability in alkaline reaction : 

The pVl in the intestinal tract is alkaline. The maximum of the intestinal 
juice is about 8.2. Therefore, pVi of typhoid emulsion was adjusted to 8.2 and 
then incubated at 37°C for 20 hours. It was then injected into rabbits. The anti- . 
genic property of alkali-treated antigens was similar to that of untreated antigens. 
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The effect of- alkaline reaction on antigens can also be noted in series of experi- 
ment for stability in bile and pancreatic and intestinal juices, where the reaction 
was adjusted on alkaline side. >> 

7. Stability of antigens in Tryptic digestion : 

As trypsin powder with good enzyme activity was not available, freshly pre- 
pared alcoholic extract of pig or bovine pancreas was used for the experiment. 
Pancreas freed from fat was minced. It was then weighed and mixed with equal 
part of rectified spirit and 3 parts of water. The mixture was shaken and kept 
in room temperature for 4 days. The fluid was then siphoned and filtered. The 
filtrate, which showed good proteolytic activity, was then used for trypsin digestion; 

After mixing of equal parts of antigen and pancreatic extract, the pE. was 
adjusted to 8-8.2 and incubated at 37°C. For control experiments heat-inacti- 
vated pancreatic extract was used in place of active pancreatic extract. Heat 
inactivation was performed by raising the temperature of the pancreatic extract 
to the boiling point and then boiling it for 5 minutes. 


TABLE X. 

Showing stability of antigens in tryptic digestion. 


a 

o 

S 


X 

a 


o 


C 

o 

to 


§2 

o-S 
£ " 
o 5 

K a 


e 

o 

0 

CZ 

o o 
o t 5 
o.Si. 
Q.S 


c 

x/i 

IS 
.s 

e 3 
V( 

® d 

*9 to 
£ 

=3 2 
IZiS 


‘S £ 

*55 

-1 .5 

2 £ 
s ® 
2 


V 


to 

P 

& 

o 


^ 'Vi 


O 

to 

C5 

la 

V 

> 


CJ •rs 

S O 

'is 


o 

fee 

C 3 


to 

p 

o 

'V c5 


is 


o 

tD 


1. 

Alcoholic 

Fresh 

- 20 

GOOOxlO' 

2 

2 80 





Vi I 



(in 3 doses) 






’2. 

Forrnalin- 
ised H 901 

Fresh 

20 

500X10'. 

2 

2 

1200 

2 

200 

3. 

>> 

Heat-in- 










activated 

(control) 

20 

500x10' 

1 ■ 

1 

IGOO 

1 

icon 

■I. 

Endotoxin 
Lot I 

Fresh 

20 

0.25 c.c. 

2 

2 

2400 

2 

250 

5. 

II 

Heat-in- 




' 






activated 

(control) 

20 

0.25 cc. 

1 

1 

2400 

1 

IGOO 


The above experiments show' that the enzymes of the pancreatic extract has 
got some deteriorating effect on the H antigen, which may be due to this antigen 
being probably of the type of a protein in composition (13). Vi and 0 antigens 
are fairly stable in this reagent. 


8. Effect of bile and bile plus pancreatic extract : 

Sterilised ox bile was used in strength of 2-2.5%. Alcoholic extract of pan- 
creas was used for tiyptic digestion as in the prev'ious experiment. 
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TABLE XI. 

Showing the effect of bile and bile plus pancreatic extract. 



eflect on the antigens of Bact. typhosum either when it was used alone or in 
combination with pancreatic extract. 

9, Effect of intestinal juice : 

Intestinal juice was collected from rabbits. Rabbits were starved for 24 hours 
and then food was given. 3-4 hours after food, the abdomen was opened under 
local anesthesia and the liquid intestinal content was withdrawn by means of a 
pipette after incision through the walls of the small intestine. The intestinal 
content was then filtered and centrifuged. The supernatant fluid was then tested 
for peptone splitting activity. 

'Typhoid emulsions were treated with equal parts of intestinal juice at 37°C 
for 20 hours at 7.6 under cove^of toluol. The result is given below. 

TABLE XII. ■ 

Showing the effect of intestinal jttice. 
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It may be seen from Table' XII that intestinal juice alone has got very little 
action on the antigens of Bact. typhosum. 


10. -Effect of combined digestion with gastric, pancreatic and intestinal juices : 

In this series of experiments gastric juice was collected from rabbits aS in 
experiment No. 3. For pancreatic juice alcoholic extract of pig’s pancreas was 
used. Intestinal juice was collected as in the previous experiment. Digestion 
with gastric juice was allowed to take place for 2 hours. For pancreatic and 
intestinal digestion 20-48 hours were allotted for each. The result is given in 
Table XIII. 

TABLE XIII. 

. Showing effects of combined digestion with gastric, pancreatic and 

intestinal juices. 
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Vi I 

Nil 

48 

48 

* 

3000X10* 

(in 3 doses) 

2 2 

160 





2. 

Formalin- 
ised H 901 

2‘ 

24 

Nil 

500X10' • 

2 


2 

1600 

none 

20- 

3. 

Formalin- 
ised H 901 

2 

20 

24 

1000x10' 

4 


4 

1200 

none 

20- 

i. 

Formalin- 
ised H 901 ' 

Nil. 

% 

20 

24 

1000X10' 

2 

' 

2 

1600 

2 

400 


It may be noted from the above Table that intestinal juice has got very little 
destructive action on the antigens of Bact. typhosum. 


Discussion 

It is now well-known that of the antibodies corresponding to the three antigens 
* of Bact. typhosum, the H antibodies have no protective value (14, 15, 16), while 
O antibodies give protection against toxic substances (Endotoxin) of Bact. typho- 
sum and Vi antibodies give protection against living virulent strains (7, 8, 17) of 
the same organisms. Therefore; from the immunity point of view the Vi and 
0 antigens are most valuable, while H antigen is of little importance. 

Although earlier work with oral vaccine recorded the production of agglu- 
tinating antibodies in the serum of human subjects as well as other laboratory 
animals after administration of t3'^phoid vaccine per os., there has been hardly any 
investigation into the stability and absorption of the different antigens of Bact. 

. 'typhosum in the gastric intestinal tract and their ability to produce the correspond- 
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ing type of agglutinins in the blood after absorption in the system. It may be 
pointed out that the discovery of the Vi antigen of Bact. typhosum is of compara- 
tively recent origin and usual methods of preparation of bacterial vaccine, e.g., heat, 
phenol, formalin, etc., either destroy the Vi antigen or so alter it as to make it 
'fu optionally deficient’. Little attempt has so far been made to include this anfa'gen 
in potent form in oral vaccine. Particular interest was, therefore, taken to study 
the fate of this antigen in oral vaccine. 

The oral vaccines after being swallowed first come in contact with the gastric 
juice. And in order to avoid the deteriQrating action of gastric juice, most of 
the commercial preparations of Bili-vaccines consist of killed and dead bacteria 
put in enterosol-coated tablets or in capsules. This process of manufacture natur- 
ally complicates the preparation of vaccine, to which the comparative high cost 
of imported Bili-vaccines are due. It has been one of the objects of present 
investigation to study the possibilities of preparing potent oral vaccines of Bact. 
typhosum at economical rates in this country. Great attention was, therefore, 
directed to study the stability of the antigens in gastric digestion. It has been 
seen in the present series of experiments that while H antigen is most labile to 
the action of HCl, the acid-pepsin digestion and the gastric juice of rabbits, 
.monkeys and human subjects, 0 antigen is perfectly stable to such treatment for 
a long time and the Vi antigen stands intermediate between H and O antigens 
in their comparative stability to such reactions. , 

When the vaccine is administered well-diluted with water in empty stomach, 
it quickly passes down from the stomach into the duodenum owing to the water}' 
nature of the gastric content, and the various antigenic factors of the vaccine 
come in contact with gastric juice for only a short period of time. Therefore, 
0 and Vi antigens of Bact. typhosum in liquid vaccine are likely to be only very 
slightly affected in the stomach, although Vi antigen, if included in oral vaccines 
in capsules, will probably have a comparatively better chance of escaping 
the action of gastric digestion. As the remaining portion of digestive process in 
the gastro-intestinal tract has got the same effect on oral vaccine either in liquid 
form or in capsules, it would be reasonable to suppose that a vaccine which 
contains potent Vi and 0 antigens, such as alcohol-killed and alcohol-preserved 
or dried vaccine or merthiolate killed vaccine preserved in concentrated saline of 
Rainsford (i8), would be superior to the current commercial Bili-vaccines. the 
existing process of manufacture destroys the most important antigen of Bact. 
typhosum, e.g., Vi antigen. 

While in-vitro tests with gastric juice have shown that Vi antigen is relatively 
stable in gastric digestion, feeding experiment on monkey has shown that Vi 
agglutinins are produced in their sera when Vi antigen is included in oral vaccine. 
Similar results have recently been recorded by Felix (ii) in human subjects. 

As has been mentioned before, Vi antibodies may become ‘functionally defi- 
cient’ by treatment with reagents and for the preparation of a therapeutic Anti- 
typhoid Vi serum Falix and Bhatnagar (8) have advocated the use of natural 
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Vi antigen in the form of living bacteria. It was, therefore, necessary to see 
whether the Vi antibodies formed by injections of 'treated’ Vi antigens were 
‘functionally deficient’ or not. These results are recorded in the next part of 
this paper. 

Pijper and Do\Y (ig) and Greenwood, Topley and Wilson (20) noted that 
after oral typhoid vaccine in human cases only O agglutinins are formed but not 
H. agglutinins. While others including Moor and Brown {21) and Guarnaccil (22) 
obtained both H and O agglutinins by such vaccination. The variation in the experi- 
mental findings may be explained in the light of the findings of the present series of 
experiments. It has been seen that acid, acid pepsin and gastric juice destroy 
H antigen. Furthermore, feeding liquid typhoid vaccine to rabbit or monkey or 
introduction of such vaccine into the stomach of rabbit by means of catheter 
through mouth or by a syringe and needle through the abdominal opening did 
not result in ‘development of H agglutinins in their sera. But flagellar agglutinins 
were formed when -the same vaccine was introduced into the small or large intestine 
by means of S3n:inge and needle (these experiments are fully described in the next 
part- of this paper). The formation of H antibody or its failure was therefore 
an indication as to what exteht the gastric juice has acted upon the vaccine. It 
may be mentioned that those who obtained H agglutinins^ after oral vaccines, 
used mostly the vaccine in capsules. And although pancreatic and intestinal 
digestion has got some action on H antigens, it will be shown in the next part 
of the present paper that sufficient amount of the flageller antigen may get absorbed 
to produce H antibodies before the antigen may be totally inactivated by such 
. digestion. 

The effect of digestion in the intestine on the Vi antigen is slow and less mark- 
ed, and it is possible that sufficient amount of Vi antigen of oral vaccine may reach 
the intestinal mucosa in potent form to give rise to local immunity of the 'recep- 
tive cells’ or may get absorbed into the circulation, although it may not, in many 
cases, reach the threshold of antigenic stimulation to produce detectable Vi antibody 
in the serum. It may be remembered that the threshold of antigenic stimulation 
of Vi antigen of Bact. typhosum is fairly high for laboratory animals, so that 
even when injected into the criculation in comparatively high doses by single 
injection, they often fail to stimulate production of Vi antibodies in detectable 
titre. 

The O antigen of Bact. typhosum being most stable in the process of diges- 
tion in the gastro-intestinal tract, O antibodies are most frequently found in the 
sera after oral vaccines of Bact. typhosum. 

It may be jremembered in connection with the present series of experiments, 
that it is not -possible to repeat in test tubes to any great degree of accuracy the 
most detailed process of digestion of oral vaccine as it takes place in the gastro- 
intestinal tract of an animal, although indications and information of much value 
may easily be gathered by in-vitro experiments. The tests on the stability and 
absorption of tj'phoid antigens are, therefore, also repeated b}? in-vivo methods. 
These results are recorded in a subsequent part of this paper. 
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Summary 

1. Of the antigens of the oral vaccine of Bact. typhosum, the H antigen is 
most labile to the process of digestion in the gastro-intestinal tract, 0 antigen is 
most stable under such reactions, while Vi antigen stands intgrmediate between the 
two. 

2. Vi antigen if included in typhoid oral vaccine may be expected to reach 
the intestinal mucosa in potent form to give 'rise to corresponding antibodies, 
whether local or general. 

3. In the process of preparation of oral typhoid vaccine, attempts should 
be made to incorporate the Vi antigen in potent form either in liquid state or 
in capsules. 

Grateful thanks of the author are due to his director Dr. J. C. Ray for his 
kind help and suggestion and to Dr. Mrs. H. Ghosh for collecting some of the 
samples of human gastric juice. 
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The comparative rates of absorption of different fats from the intestinal loops 
of rats has been reported by Steenbock et al (i). -They found that certain fats are 
more rapidly absorbed than others and have also observed the effect thereon of 
many different substances. The absorption of different oils which hav6 
been thermally treated have recieved scant attention as yet. Data on the absorp- 
tion of a few vegetable oils, normal, thermally treated, hydrogenated cocoanut 
oil and also of groundnut oil which has been subjected to different degrees of 
hydrqgenation are presented in this communication. 

" Experimental 

The. absorption of oils by normal adult rats has been evaluated by balance 
method. The animals were at first maintained on the following fat free diet, 20 g. 
of which were given daily per a pair of rat, until a constant excretion of fat was 
obtained in the faeces. 2 cc. of the normal, thermally treated and hydrogenated 
oils were then mixed with 16 g of the diet, thereby keeping the calorific value 


*Lndy Tata Jleniorial Scholar, 194.3-44. 
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of the daily diet approximately constant. The feeding period was again continued 
until five consecutive readings, taken at intervals of three days, of the fat content 
of the faeces was found to be the same. 


Composition of diet; 



Sucrose 

• » * 

... 36% 

Starchy 

•• • • 

... 36% 

Casein 

• • • 

... 10% 

Egg white 


... 16% 

Salt Mixture (Osborn and Mendell) 


... 2% 


Vitamin tablets (Complevite) containing vitamins A, B, C and D, were 
powdered and adequate amounts were added to this diet. 

- The oils were successively brought to 200°C, 250°C, 275°C and 300°C and ' 
maintained at those temperatures for one hour at the normal atmospheric pressure, 
with the only exception that at 300°C the oils were heated for a period of forty- 
five minutes only. The absorption of the following oils has been studied: 
groundnut oil, cocoanut oil, mustard oil, sesame oil, linseed oil and cow and buffalo 
ghee. All the oils were commercial products. The samples of cow and buffalo 
ghees were found, on analysis, to be adulterated. 

The chemical properties and the percentage of absorption of the normal, 
thermally treated and hydrogenated oils are collected in Table I. 

TABLE I. 


Oil. 

Temp. 

“C 

Saponifica- 
tion value. 

Iodine 

value. 

Acid 

v.alue. 

Percentage 

of 

absorption. 

Groundnut 

Normal 

.184 

83.5 

9.6 

99.7 


200 

184 

81.5 

7.2 

99.7 


250 

186.5 

83.0 

5.3 

99.7 


275 

190 

84.2 

2.8 

99.7 


300 • 

192.5 

76.0 

2.5 

99.5 

Cocoanut 

Normal 

250 

10.0 

. 3.6 

98.4 


200 

246 

10.0 

3.4 

98.3 


250 

. 246 

10.0 

1.1 

98.3 ' 


275 

246 

7.4 

0.58 

96.4 


300 

240 

6.6 


91.9 

Mustard 

Normal 

,174 

100.0 

5,4 

- 95.5 



200 

172 

99.5 

3.8 

95.2 


250 

172 

92.6 

3.3 

95.2 


275 

170 

87.0 

1.8 

91.7 


300 

166.5 

78.0 


88.7 

Sesame 

Normal 

189 

109 

13.4 

90 


200 

189 

107 

11.2 

96 


250 

187 

96 

4.4 

95 


275 

1S9 

88 

1.3 

91 

' 

800 

190 

83 

... 

92.5 
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TABI.E I.—(Cont<}.) 


Oil. 

Temp. 

°C. 

Saponifica- 
tion value. 

Iodine 

value. 

Acid 

value. 

Percentage 

of 

absorption. 

Linseed 

Normal 

192 

187 

' 2.6 

97 


• 200 

191 

174 

2.4 

95.9 


2.i0 

189 

144 

2.2 

94.0 


275 

187 

136 


90.8 


300 

187 

98 


78.3 

Cow Ghee 

Normal 

197 

56.5 

1.3 

99.2 


200 

199 

56.7 

0.8 

98.2 


250 

196 

50.8 

0.5 

97.0 


f 275 
* 300 

199 

48.0 


96.4 


199 

42.7 


90.6 

Buffalo Ghee 

Normal 

195 

61.0 

/ - 2.6 

98.8 


200 

197.5 

60.8 

2.4 

98.6 


250 

195 

56.7 

1.8 

97.8 


275 

199 

50.0 

1.8 

93.5 


300 

197 

4fi.8 


85.8 

Hydrogenated 

groundnut 

•to- 


, • 



(Soft) 

Normal 

191 

69.5 

... 

99.5 

(Medium) 

Normal 

195 

65.2 

... 

99.5 

(Hard) 

Normal 

195 

61.0 

... 

99.5 

Hydrogenated 

Normal 

255 

7.2 

... 

98.5 

cocoanut 







It will be seen from the Table I that thermal treatment changes the character 
of most of the oils, both chemical and physiological, very significantly. The 
saponification values of the different thermally treated jOils deviate but very little 
from normal. The acid and iodine values are, however, greatly affected. Iodine 
values of groundnut and cocoanut oils are not altered at 200°C or 250°C, but at 
275°C the iodine value of cocoanut oil drops down to 7.4, while the iodine value 
of groundnut oi], is not altered even at this temperature. At 300°C, however, the 
iodine value of this oil drops to 76, the initial value being, 83.5. Iodine value 
of linseed oil begins to change at 20o'’C — the initial value is 187 and at 200°C, 
it becomes 174 — ^begins to fall more markedly at successive increases of tempera- 
tures, until at 300°C, the iodine value stands at 98. The iodine value of sesame 
and" mustard oils and the adulterated samples of ghees begin to fall at 250 °C 
and with gradual rise of temperature, the decreases in iodine values become more 
marked. 

The physical changes noticed were a change of colour and viscosity. With 
the exception of the two ghees, the oils assume a reddish brown tinge.There is at 
gradual rise in the viscosity of the oils with the increase of temperature ; linseed 
oil when treated to 300°C becomes almost solid at room temperature. The vis- 
cosity of ground-nut oil changes very slightly when compared with the other oils. 
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Thermal treatment up to a temperature 25o°C does not affect absorption 
of the different oils, with the exception of linseed oil. But treatment at 275°C 
and 300°C lowers the absorption of all the oils, excepting groundnut oil. The 
percentage of decrease in absorption due to thermal treatment is, however, not 
uniform. The absorption of cocoanut and sesame oil is slightly, lowered, that of 
mustard oil and adulterated ghees is more marked. The reduction in absorp- 
tion of linseed oil due to thermal treatment is, however, the most marked. The 
absorption of this oil, unlike all others, begins to fall when this oil is treated to 
250°C. Groundnut oil, however, behaves very uniquely ; its absorption is not at 
all affected by thermal treatment. 


10 “ 



Fig. 1. 

Abscissas = temperature in centigrades. 

Ordinate = cc. of N/10 free acid liberated in one hour per every 
cc.' of the incubating mixture. 

Hydrogenation of groundnut and cocoanut oils to different degrees does not 
either affect the absorption or the saponification values of these oil?; — it is charac- 
terised by a gradual fall of iodine value. It is evident, therefore, that the degree 
of unsaturation does not affect the absorption of oils. This observation also con- 
firms the finding of Peretti and Reale (2). 

The study of the r 4 te of hydrolysis of normal and thermally treated oils by 
lipase in vitro, is however quite interesting (Table II). 

A mixture of the following composition was incubated at room temperature. 
'I cc. of it was withdrawn at zero and one hour and delivered into Erlenmayer 
flasks containing alcohol-ether mixture. The flasks were then kept for five minutes 
in a boiling water-bath, cooled and titrated with 0.05 A-alcoholic potash to tritrate 
the free acidity of the mixture, (fig I). 
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TABLE II. 

Composition of the incubating mixture : 

0.1 g. Lipase (Frcenkel and Landau) 
0.05 g. Na-Taurocholatc (Difco) 

5% Albumin 

2% CaCL 

Glycine-NoOH buffer (pH 8.8) 

Oil 


in 1 cc. water, 
in 1 cc. ,, 
0.5 cc. 

0.5 cc. 

1.0 cc. 

1.0 cc. 


Total volume ... 5.0 cc. 


Oil. 


Temp. °C. 

Amount of fatty acid liberated in 
one hour per every cubic 
centimetre. 

Groundnut 


Normal 

2.04 

cc. N/10 acid 



200 

1.87 

,, " 



250 

1.83 




275 

1.83 

tt 


■ 

300 

1.81 

»» 

Cocoanut 


Normal 

1.9G 

>» 



200 

1.89 

>> 



2.50 

1.40 

tt 



275 

1.20 

tt 



300 

0.68 

tt 

Mustard 


Normal 

1.87 

it 



200 

1.83 

tt 



250 

1..50 

tt 



275 

1.36 

tt 



300 

1.21 

tt 

Sesame 


Normal 

l.M 

tt 



200 

1.44 

tt 



250 

1.11 

tt 



275 

1.06 

tt 



300 

0.51 

ft 

Linseed 


. Normal 

1.01 

tt 



200 

0.63 

tt 



250 

0.36 


' 


275 

0.24 

tt 



300 

0.18 

” 


It may be noted from Table II that with the increase of thermal treatment, 
there is a progressive decline in the rate of hydrolysis of the oils. It was observed 
that the more viscous oils could not be emulsified to the extent it was possible 
to emulsify the less viscid oil. It is highly probable that the lowered rate of 
hydrolysis of the more viscous oil is due to the great difficulty experienced in 
emulsifying these samples and that the degree of emulsihcation depends on the 
viscosity of the oils it is also evident from Tables I and II that there exists a 
close parallelism between the lowered rate of hydrolysis and decreased absorption 
of the oils. The rate of hydrolysis of the normal oils is also not uniform and the 
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present author is of opinion that this difference may He due to the difference in 
the jiumber of .easily hydrolysable linkages present in the oils. 

In summing up, it may.be remarked, therefore, that the oils which become 
more viscid when subjected to thermal treatment are emulsified to a lesser extent 
and this in its turn lowers the rate of hydrolysis and, therefore, their absorption. 


Summary 

1. The percentage of absorption of a few normal, hydrogenated and ther- 
mally treated oils has been evaluated by balance method. 

2. A few changes in the chemical and physical properties of the oils brought 
about by thermal treatment have been studied. 

3. The degree of unsaturation does not affect absorption. 

4. Excepting groundnut oil the absorption of all other oils decreases when 
they are subjected to thermal treatment. 

5. Evidences have been presented to show that the increase in the viscosity 
of the oils due to thermal treatment reduces the activity of emulsifying agents, 
thereby retarding lipase activity and absorption. 

I should like to express my thanks to Dr. B. B. Sircar and Mr. P. B. Sen 
for their kind interest and to the Lady Tata Memorial Trust for the award of 
a scholarship. Thanks are also due to Tata Oil Mills, Cochin and H. y. M. Co., 
Bombay for a gift of crude and hydrogenated groundnut and cocoanut oils. 
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Bodansky (i) had observed that plasma phosphatase activity was lowered 
enormously in dogs on continued~fasting and that, activity was regenerated when 
the animals were given a carbohydrate meal. In a recent communication Weil 
and Russel (2) report that twenty-four hour starvation leads to a complete 
inactivity of the plasma phosphatase of rats and have further shown that activity 
could be regenerated on ingestion of fatty meals ; carbohydrates and proteins 
being totally inactive. They have also demonstrated that a few unsaturated acids 
only are the active components. Kosmer et al (3) have reported an increase of the 
phosphatase activity of the intestine following a fatty or protein meal. In view 
of the above statements, it was "decided to undertake a detailed investigation on 
the effect of starvation on the phosphatase content of various tissues and the 
influence of carbohydrates, fats and proteins on the regeneration of phosphatase. 

Pigeons have been used as test animals and these were kept without food 
for one hundred hours but water was allowed ad libitum. Various test meals 
were introduced directly into the stomach after this period. The animals were 
sacrificed either after six or twenty-four hours following the test meals. Tissues 
were ground with washed sea-sand in presence of choloroform-water and were 
allowed to autolyse overnight. o.05M-sodium-/J-glycerophosphate has been used 
as the substrate and glycine — NaOH as the buffer. The pH of the reaction 
mixture was maintained at 9.3. The different solutions were brought to 38 °C 
separately and were then mixed. The mixture consisting of 3 cc. of enz5une 
preparation, 4 cc. buffer and 3 cc. of substrate, was incubated at a temperature 
of 38 °C and 2 cc. of the mixture were wdthdrawn at zero and two hours and 
delivered into test tubes containing 2 cc. of 10% trichloracetic acid, shaken and 
filtered through filter paper (Whatman 42). The inorganic phosphorus in the 
filtrate was determined by Fiske and Subbarow’s method (4). 


*Lady Tnta Memorinl Scholar, 194.3-44. 
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The tissues studied were serum, intestinal scraping, kidney, liver, brain and 
bone. The influence of the following dietary iactors has been noted ; glucose, 
glycine, tyrosine, egg white, oleic acid, stearic acid, linseed oil and a mixture 
containing egg white, linseed oil and glucose. These were selected as representa- 
tives of a wide variety of dietary factors. The amount of food was administered 
at regular intervals in three equal doses when the feeding period was .continued 
for six hours and in eight equal doses when the same was continued for twenty- 
four hours,' the net amount administered is indicated in Table i. 

TABLE I. 


Dietary factor. 

Feeding period. 

6 hours. ' 


24 hours. 

Glucose (25%) 

' 6 cc. 


18 cc. 

Glycine (10%) 

0 *. 


12 „ 

Tyrosine (10%) 



•12 „ 

Egg white (.50%)' 

fi „ 


18 „ 

Oleic Acid 



12 „ 

Emulsified 




Stearic Acid 

4 „ 


12 „ 

Linseed Oil 

4 „ 


10 „ 

Egg white (raw) 8 cc. 




Linseed Oil |- 5 - 




Glucose (25%) ’J 12 ,, 

a „ 


18 „ 

The phosphatase activity 

of tissues from (i) normal 

animals. 

(2) starved 

animals and (3) animals to 

which different dietary' factors stated 

above were 

administered, after starvation. 

are shown in the Tables II- 

-VIII. 

Activity has 


been expressed in mg. of inorganic phosphorus liberated in two hours per g. of 
wet tissue and in case of serum per cc. 


TABLE II. 

The phosphatase activity of normal tissues and the effect of starvation .thereon. 


Tissue. 


Normal. 


Starvation. 


Reduction due to 
starvation. 


Serum 

0.218 

0.062 

Bone 

0.84 

0.40 

Kidney 

13.5 

4.20 

Intestine 

10.0 

4.80 

Liver 

0.78 

0.51 

Brain 

0.52 

» 

0.89 


73% 

52% 

69% 

52% 

85% 

25% 


The phosphatase activity of normal tissues will henceforth be abbreviated to 
N.P.A. and of those tissues following starvation to S.P.A. 

The influence of dietary factors on the phosphatase activity of tissues following 
starvation. (Tables III — ^VIII)., 
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TABLE III. 
Serum. , 


N.P.A ; 0.218 Variation in activity above (+) or 

S.P.A : 0.062 Phosphatase activity below (— ) S.P.A. and N.P.A. 

Loss of activity after feeding period. 

73% 6 hrs. 24. hrs. 


Dietary factor. 

6 hrs. 

24 hrs. 

N.P.A. 

S.P.A. 

N.P.A. 

S.P.A. 

Glucose 

0.070 

0.083 

13%(+) 

68%(-) 

34%(+) 

62%(-) 

Glycine 

0.073 

0.100 

17%(+) 

6G%(-) 

ci%(+) 

54%(-) 

TjTOsine 

0.100 

0.107 

61%(+) 

54%(-) - 

72%(+) 

51%(-) 

Egg white 

0.066 

0.129 

c%(+) 

69%{-) 

108%(+) 

41%(-) 

Oleic Acid 

0.110 

0.138 

77%(+) 

49%(-) 

123% (+) 

35%(-) 

Stearic Acid 

0.05S 

0.060 

Nil. 

73%(-) 

Nil 

7'3%(-) 

Linseed Oil 

Egg white, Linseed 

0.143 

0.222 

130%(+) 

81%(-) 

250% (+) 

1.8%(+) 

oil and Glucose. 

0.188 

0.273 

203% (+) 

H%(-) 

343% (+) 

25%(+) 



TABLE RL 







Bone. 




N.P.A: 0.84 



Variation in activity 

above (+) 

or 

S.P.A : 0.40 

Ixjss of activitv 

Phosphatase 

activity 


below (-) S.P.A. 

and N.P.A. 


arier leeamg periau. 



24 hrs. 


52% 




6 hrs. 


Dietary factor. 

6 hrs. 

24 hrs. 

S.P.A. 

N.P.A. 

S.P.A. 

N.P.A. 

Glucose 

0.42 

0.40 

Nil. 

52%(-) 

Nil 

52%(-) 

Glycine 

0.88 

0.42 

Na. 

52%(-) 

Nil 

52%(-) 

Tyrosine 

0.42 

0.48 

Nil. 

52%(-) 

20%(+) 

43%(-) 

Egg white 

0.52 

0.56 

80%(+) 

38%(-) 

40%(+) 

81%(-) 

Oleic Acid 

0.50 

0.54 

25%(+) 

40%(-) 

82%(+) 

36%(-) 

Stearic Acid 

0.36 

0.40 

Nil. 

52%(-) • 

Nil.- 

S2%(-) 

Linseed Oil 

Egg white. Linseed 

0.48 

0.58 

20%(+) 

45%{-) 

40%(+) 

81%(-) 

Oil and Glucose 

0.56 

0.68 

40%(+) 

31%(-) 

70%(+) 

19%(-) 


TABLE V. 
Kidney. 


N.P.A : 13.5 Variation in activity above (+) of 

S.P.A: 4.2 Phosphatase activity below {— ) S.P.A. and N.P.A. 

Loss of activity after feeding period. 

69% 6 hrs. 24 hrs. 


Dietary factor. 

6 hrs. 

24 hrs. 

S.P.A 

N.P.A. 

S.P.A. 

N.P.A. 

Glucose 

4.7 

5,0 

I2%(+) 

G5%(-) 

20%(+) 

-37%(-) 

Glycine 

4.5 

5.8 

7%(+) 

G7%(-) 

14%(+) 

14%(-) 

Tyrosine 

6.0 

7.2 

43%(+) 

55%(-) 

71%(+) 

47%(-) 

Egg white 

6.8 

10.7 

G2%(+) 

49%(-) 

155% (+) 

21%(-) 

Oleic Acid 

5.4 

6.4 

80%(+) 

G0%(-) 

52%(+) 

S3%(-) 

Stearic Acid 

4.2 

4.6 

Nil. . 

G9%(-) 

7.5% (+) 

GG%(-) 

Linseed Oil 

Egg white. Linseed 

6.1 

9.5 

45%(+) 

55%(-) 

126% (+) 

30%(-) 

Oil and Glucose 

8.0 

12.0 

90%(+) 

41%(-) 

187% (+) 

n%(-) 


4 
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N.P.A : 0.T8 

S.P.A : 0.51 

Loss of nctivity 
35% 


TABLE VII. 

Liver. 


Phosphatase activity 
after feeding period. 


Variation in activity' above (+) or 
below (— ) S.P.A. and N.P.A. 


Glucose 
Glycine 
Tyrosine 
Egg white 
Oleic Acid 
Stearic Acid 
Linseed Oil 
Egg white, Linseed 
Oil and Glucose 


35%( — ) 
35%{-) 
35%(-) 
35%(-) 
35%(-) 
35 % ( — ) 
35%(-) 

35%(-) 


24 hrs. 


N.P.A. 


18%(+) 

1 ‘ 1 %(+) 

Nil. 

Nil. 

Nil. 

10 %(+) 

14%(+) : 


N.P.A. 


20 %(-) 

2r%(-) 

35%(-) 

27%(-) 

35%{-) 

35%(-) 

30%{-) 

2r%(-) 


TABLE VIII. 

Brain. 


N.P.A : 0.52 

S.P.A : 0.39 Phosphatase activity 

Loss of activity after feeding period. 


Variation in activity above (+) c 
below (— ) S.P.A. and N.P.A. 

6 hrs. 24 hrs. 









EFFECT OF STARVATION ON THE ALKALINE PHOSPHATASE ACTIVITY 


27 


, Discussion 

'Starvation reduces very markedly the phosphatase > activity of the different 
tissues — the maximum reduction takes place in serum, followed by kidney, intestine 
and bone, liver and lastty brain (Table II). The present investigation reveals that 
excepting stearic acid all the other components are active in increasing the phos-, 
phatase activity of serum (Table III). 

The influence of glucose, glycine and egg white, when administered for a 
period of^six hours is slight when" compared with the influence of the other com- 
ponents fed for the same period. Oleic acid, tyrosine and linseed oil show 
remarkable activity but most remarkable is the response when the mixture con- 
taining egg white, linseed oil and glucose, (henceforth designated as EWLOG), 
was given for six hours. The phosphatase activity of serum returns almost to 
normal — it was only 14% below normal. The influences exerted by the dietary 
components are revealed more significantly when these were fed for a period of 
twenty-four hours. Stearic acid is still inactive. Glucose and glycine induce a 
further regeneration of phosphatase activity, while that due to tyrosine is the same 
when given for six hours. Egg white which was very slightly active when fed 
for six hours, exerts its activity more strikingly in twenty-four hours. 

Administration of linseed oil alone for twenty-four hours brings a complete 
regeneration of phosphatase activity to its normal level and the mixture EWLOG 
stimulates the activity beyond the normal — a 25% increase above the normal 
level has been noted. In causing a regeneration of phosphatase of bone, glucose, 
glycine and stearic acid are found to be completely inactive when fed for a period 
of six or twenty -four hours. Tyrosine which is inactive when given for- six hours, 
causes a 20% rise, if fed for twenty-four hours. Egg white, oleic acid, linseed 
oil and the mixture EWLOG are fairly active when fed for six hours and their 
effect becomes more marked if feeding is continued for twenty-four hours 
(Table IV). 

Phosphatase activity of kidney suffers a 69% loss due to starvation (Table V). 
Stearic acid, again, is inactive. Glucose and glycine are feebly active when fed 
for twenty-four hours. The other components are fairly active, while EWLOG 
brings back the activity almost back to its normal level. 

It is found, however, in case of intestine (Table VI) that all the components 
are active in regenerating the losses due to starvation. Tyrosine, egg white and 
the mixture EWLOG bring about the maximum regeneration in phosphatase acti- 
vity when fed for a period of six hours. The mixture EWLOG brings back" the 
activity to normal level when given for twenty-four hours and egg white alone 
when given for the same period stimulates the activity 10% above the normal. 
Linseed oil and oleic acid also cause a very pronounced increase while that due 
to tyrosine and glycine is same when these components were fed for six hours. 

Liver and brain are the two organs which suffer least due to starvation — 
decreases of 35% and 25% respectively are found (Table VII and VIII). It has 
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also been found that the different dietary components are complete^ inactive, 
when fed for six hours. Glucose, when given for twenty-four hours, causes i8% 
increase above the staivation level, in liver ; glycine, egg white, linseed oil and 
the mixture EWLOG are the other active components in increasing phosphatase 
activity of liver when fed for twenty-four hours (Table VII). In case of brain, 
it is noted that glucose and the mixture EWLOG are the only components active 
in raising the activity of brain phosphatase when these were fed for a period of 
twenty-four hours (Table VIII). 

Weil and Russel (2) have failed to find an increase in plasma phosphotase 
activity following starvation when pure carbohydrate and protein were given. 
The present investigation, however, reveals a very consistent increase with all the 
dietary factors with the single exception of stearic acid. This work, however, con- 
firms their contention that (i) fatty meals are very active in causing a regeneration 
of plasma phosphatase and (ii) that saturated fatty acids are inactive. But the 
most remarkable fact, however, is the response when a mixture of egg white, linseed 
oil and glucose was given for twenty-four hours. This mixture causes the acti- 
vity to rise beyond the normal level. This mixture has also been found to bring 
about a very remarkable increase in phosphatase activity of bone, kidney and 
intestine. It seems that the rise in serum phosphatase activity may be due to 
the migration of phosphatase from the above tissues to blood. 

The response of bone phosphatase to the different dietary factors has a quali- 
tative similiarity to that of serum. 

Bellini and Cera (5) have demonstrated an increase of phosphatase in the 
intestine of the white rat following fat ingestion. Reiser (6) found a rise in in- 
organic and ester phosphate of the intestinal mucosa of swine during fat absorp- 
tion. Kosmer et al (3) in their investigation on the phosphatase activity 
of duodenum, jejunum and ileum found the greatest activity after protein and fat 
meal and least after carbohydrate. This investigation also shows that protein and 
fatty meals are more active in increasing the phosphatase activity of intestine. 
It has also been found that of the two amino acids which have been tested, namety, 
glycine and t5Tosine, tyrosine has practically the same influence on the regenera- 
tion of phosphatase as egg white, when these t\vo components are fed for a period 
of six hours following starvation. The influence of glycine is the same when fed 
for a period of six or twenty-four hours. But at twenty-four hours, the influence 
exerted by egg' white becomes very marked. The comparative values on the 
regeneration of phosphatase by glycine, tyrosinfe and egg white when fed for 
twenty-four hours, following starvation, are respectively as follows; 30%, 60% 
and 130%. It may be concluded, therefore, from what has been stated above that 
the various amino acids liberated during the course of digestion of the egg white 
is responsible for the enormous increase of phosphatase activity of intestine. It 
would be quite useful to study the effects of individual amino acids on the regene- 
ration of phosphatase activity of intestine. 

The influence of the different dietary factors on kidney phosphatase approxi- 
mately parallels to that of the intestine (Table V & VI). 
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It has been noted by a number of investigators (7) that the absorption of 
glucose from the intestine falls very significantly when animals are starved. A 
very probable explanation that may be deduced from the present investigation 
to explain the above phenomenon is that due to the pronounced inactivation of 
the phosphatase system induced by starvation, the whole mechanism of phos- 
phorylation, upon w'hich primarily rests the rate of absorption, is seriously dis- 
turbed and hence the lowered rate of absorption of glucose from the intestine of 
starved animals. Lawroff et al (8) have found that absorption of both fat and 
carbohydrate is increased by previous feeding with proteins and conclude that 
the diet has influenced some special active process in the absorption. We have 
already referred to the enormous increase in phosphatase activity of the intestine 
following a protein meal consisting of egg white only. We are of opinion that 
this increased phosphatase activity induced by proteins is responsible for the 
increased absorption of fat and carbohydrate observed by Lawroff et al. (8). 

Kidney phosphatase plays an important part in the process of reabsorption 
of sugar from the glomerular filtrate back to general circulation, and therefore 
consequent to the huge decrease of kidney phosphatase during starvation, inges- 
tion of sugar should lead to glycosuria. Evidences are there to show that such 
a condition does exist in hunger diabetis. After a prolonged total fasting the 
capacity for utilisation of ingested sugar is considerably impaired and when sugar 
is given, it is excreted. The lost ability to utilise glucose is not due to any dysfunc- 
tion of liver to store glycogen (9). It appears that this condition of hunger 
diabetis is mainly brought about by the diminution of kidney phosphatase due 
to starvation. 

Glucose is the most potent of all the dietary components in increasing the 
phosphatase activity of liver and is followed by glycine, egg white and linseed 
oil — ^the ketogenic amino acid tyrosine and the two fatty acids are totally inactive. 
It appears that the dietary principles which promote glucogenesis and glycogenesis 
would also increase the liver phosphatase after starvation. 

Glucose has also been found to be active in increasing the phosphatase acti- 
vity of brain and the only other potent factor in causing an increase is the 
mixture EWLOG.. Whereas the former increases the activity by 23%, the increase 
due to the latter is 18%. The latter increase seems also to be due to the glucose 
component in the mixture, because of the fact that the other components in the 
mixture when fed singly were quite inactive. Glucose has also been considered 
to be the most readily available substrate for brain metabolism. The R. Q. of 
brain in vivo reveals it to be approximately unity. Such a respiratory quotient 
points to the probability, that carbohydrate is the main fuel of brain in vivo. 
Myerson and Halloran (10) and -Lennox (ii) have also shown that blood on passing 
through the brain loses carbohydrate. The difference between the glucose con- 
tents of arterial and venous blood in brain (9 mg.%) is greater than that bebveen 
the glucose contents of arterial and venous blood of muscle (arm 5 mg.%, leg 
4mg.%). It is interesting to find that glucose also stimulates phosphatase activity 
of brain after starvation. 
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It will be noted from what has been discussed so far that the influences 
exerted by the different dietary factors are not uniform in their behaviour to 
the different tissues ; carbohydrate has been found to be the potent factor in causing 
a regeneration of phosphatase in some tissues (brain and liver), while in other, 
protein or lipoid is the active agent ; evidences have accumulated to show that 
"Phosphatase” is not a single entity and that it comprises a number of enzymes 
with distinct substrate specificity ( 12 ). It is concluded, from the multifarious 
nature of the responses, made by tissue phosphatase, to the different dietary fac- 
tors studied in this investigation, that the nature of the enzyme complex in 
different tissues differs qualitatively and different constituents which make up the 
enzyme complex are stimulated in varying degrees by these dietary factors. 

SUSIMARY 

1. Starvation decreases phosphatase activity of tissues ; the magnitude of 
decrease varies in different tissues. 

2 . The influences of a number of dietary factors on the regeneration of 
the phosphatase of different tissues, after starvation, have been studied ; it has 
been found that the effects of the different dietary components towards the various 
tissues are not uniform. While some components are active in regenerating phos- 
phatases of some tissues, those same components have been found to be totally 
inactive towards the others. 

3 . The influences of the dietary components in most cases, have been found 
to vary according to the duration of feeding. In some tissues even the active com- 
ponents fail to show activity when feeding is of short duration. 

4 . The probable relationship between the regeneration of phosphatases and 
the nature of the substrate and the possibility of the qualitative and quantitative 
differences of the esterases which constitute the phosphatase complex has been 
discussed. 

Our thanks are due to Dr. B. B. Sarkar, Head of the Department of Physio- 
logy, for his kind interest and also to the Lady Tata Memorial Trust for the 
award of a scholarship to one of us (A.R.) 
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To those interested in the changes which urine may undergo between the 
time when it is passed and the time when the biochemist or pathologist can deal 
v\ath it, the following results, calculated in 1944 from experimental observations 
made in 1938, may be of use. , 

The urines were of healthy subjects and contained neither protein nor sugar. 
They were kept in beakers in the laboratory but away from any acid or ammonia 
vapour, and their was found from time to time by Michaelis’ titration method 
(see Cole’s Practical Physiological Chemistry), using para nitrophenol and a 
Gillipsie comparator. Each result is calculated from an average of two or three 
readings. From a consideration of the variation in these readings it was found 
that for the same urine at the same time, the results could vary by ±3% owing 
to optical difficulties. For example, if the average reading gave a of 6, 
the divergent ones could give a pK of between 6.18 and 5.82. 

In the following tables the same initial represents the same subject. 


Speci- 

men. 

Time after 
passing. 
Hrs. Mins. 

Room 

temp. 

”C. 

i 

pH 

Speci- 

men. 

Time after 
passing. 
Hrs. Mins. 

Room 

temp. 

°C. 

pH 

B1 

0 

0 

15 


F3 

0 

0 

15 



3 

0 

15 

6.53 


0 

10 

15 

7.48 


5 

0 

15 

6.72 


2 

10 

15 

7.18 


7 

0 

15 

6.55 


4 

30 

15 

7.49 


25 

30. 

15 

6.67 


23 

30 

15 

7.59 

FI 

0 

0 

15 



28 

"40 

15 

7.62 


0 

5 

15 

6.31 


48 

50 

17 

7.85 


1 

35 

15 

6.43 


52 

5 

17 

6.01 


25 

35 

15 

6.05 







27 

35 

15 

6.08 







47 

0 

IS 

6.08 







71 

15 

15 

6.67 






F2 

0 

0 

17 








0 

10 . 

17 

7.23 ■ 

FI 

0 

0 

17 



1 

20 

17 

7.28 


0 

15 

17 

5.88 


J 

10 

19 

7.46 


2 

0 

17 

5.92 


29 

10 

19.5 

7.66 


4 

35 

17 

6.03 


47 

50 

18 

7.37 


28 

45 

17 

5.89 


52 

10 

22 

7.48 


73 

15 

16' 

5.93 


72 

40 

20 

7.18 


. 77 

15 

16 

5.78 
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Speci- 
. men. 

Time after 
passing. 

Hrs. Mins. 

Koom 

tenii>. 

°C. 

pH 

Speci- 

men. 

Time after 
passing. 
Ilr.s. Alins. 

Room 

temp. 

“C. 

pH 

• PI 

0 

0 

17 


R1 

0 

0 

15 



0 

20 

17 

7.42 


0 

15 

15 

6.41 


1 

20 

17 

7.40 


2 

15 

15 

- 6.37 


4. 

10 

19 

7.71 


23 

15 

15 

.6.46 


28 

20 

19.5 

7.66 


27 

' 15 

15 

' 6.28 


47 

20 

18 

7.50 


48 

25 

15 

6.48 


53 

20 • 

22 

7.40 

112 

0 

0 

15.5. 



72 

10 

21 

7.42 


0 

5 

15.5 

5.44 







3 

0 

16.5 

5.37 







4 

10 

16.5 

5.87 

P2 

0 

0 

17 



23 

30 

15 

5.85 


0 

25 

17 

7.47 


27 

15 

16.5 

5.47 


2 

10 

17 

7.21 


48 

25 

15 

5.39 


4 

50 

17 

7.48 


52 

25 

17.5 

5.81 


30 

0 

17 

7.41 


71 

20 

15.5 

5.42 


49 

25 

IG 

7.16 

• 

95 

0 

15.5 

5.42 


58 

30 

IG 

7.22 

R3 

0 

0 

15 








0 

5 

15 

' 6.46 

P3 

0 

0 

15.0 



2 

50 

16.5 

6.49 


0 

10 

15.5 

7.31 


4 

15 

16.5 

6.52 


S 

10 

16.5 

7.66 


23 

25 

15.5 

6.58 


4 

25 

16.5 

7.48 


28 

15 

17.5 

6.67 


23 

25 

15 

7.72 


49 

0 

16 

7.21 


27 

o5 

16.5 

8.07 


52 

10 

17 

6.89 


49 

0 

15.5 

7.50 


75 

35 

17.5 * 

6.69 


52 

35 

17.5 

7.80 


99 

50 

.18 

6.78 


72 

45 

16 

7.42 

R4 

0 

0 

15.5 



75 

55 

17 

7.68 


0 

5 

15.5 

5.21 


99 

25 

17.5 

7.68 


1 

0 

16 

5.38 







] 

55 

16 

5.35 

P4 

0 

0 

15 



4. 

0 

17 

5.32 


0 

10 

15 

7.12 


5 

10 

17 

5.30 


1 

10 

15 

7.15 


28 

35 

17.5 

5.41 


2 

20 

16 

7.12 

R5 

0 

0 

15 



3 

10 

16 

7.12 


0 

10 

15 

6.52 


4 

10 

16 

7.23 


1 

10 

15 ' 

6.58 


23 

20 

13.5 

7.08 


3 

10 

16 

6-.58 


27 

50 

15 

7.26 


4 

10 

16 

6.55 


47 

SO 

13.5 

7.35 


23 

55 

13.5- 

6.59 


71 

50 

13.5 

7.31 


27 

55 

15 

6.64 


9G 

50 

' 15 

7.48 


48 

40 

13.5 

6.71 


Taking F3 as an example: the average />H over two days is 7.60, the 
maximum and minimum are 7.18 and 8.01, a variation of +5% from the average, 
compared with the +3% for readings taken at the same time. The difficulty 
of matching colours similarly at different times, with slightly varjnng daylight, 
can account for this. 

The figures show that the pH of urine kept in an open vessel at temperatures 
between 13 and 20°C remains constant for 4 days. 

Thanks are due to the subjects. 
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VITAMIN C AND CARBOHYDRATE METABOLISM. PART IV. 

THE EFFECT OF VITAMIN C ON THE INSULIN CONTENT 
OF THE PANCREAS OF GUINEA-PIGS 

SACHCHIDAKANDA BANERJEE* 

From the School of Tropical Medicine, Calcutta, 

e 

* . (Received for publication, April 4, 19 H) 

It has been shown previously (i, 2) that the deficiency of vitamin C in guinea- 
pigs leads to a change in the carbohydrate metabolism as judged by (a) glycosuria, 
(b) the diabetic type of the glucose tolerance curve, and (c) the depletion of 
the glycogen content of the liver. It has also been shown that the normal 
metabolism of carbohydrate is restored after the administration of vitamin C. 
From the above evidence, it has been suggested that the action of vitamin C is 
similar to that of insulin. The study of the relation between the vitamin C-status 
of the body and the insulin content of the pancreas would be useful. 

In the present investigation the insulin content of the pancreas has been 
studied under the following conditions; (a) in normal guinea-pigs, (b) in scorbutic 
guinea-pigs, (c) in normally fed partially depancreatised guinea-pigs and (d) in 
partially depancreatised guinea-pigs receiving injections of ascorbic acid. 


Experimental 

Four groups of normal healthy male guinea-pigs of weights varying between 
200 g. and 300 g. were taken. The first group consisting of 23 animals was 
fed on a scorbutic 'diet for a period of 24 to 28 days until the animals developed 
scurv'y. The second group consisting of 26 animals was fed on a normal diet 
for two weeks. In the third group, containing 10 guinea-pigs, the animals were 
partially depancreatised after feeding the animals on a normal diet for bvo weeks. 
On the third day after the operation the animals were prepared for the experiment. 
In the fourth group, which consisted of 10 guinea-pigs, the animals after partial 
pancreatectomy received 100 mg. of ascorbic acid b^^ injection for three 
consecutive days. 

*Dr. A. Mitra Research Scholar. 
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Prior to removal of- the pancreas, the animals of all the groups were fasted . 
overnight. The animals were stunned by a blow on the head and the pancreases 
of 5-10 animals were pooled and extracted for insulin according to the method 
of Best ct al (3). The crude insulin was dissolved in normal saline of pH 2.5 so 
that 0.5 cc. of the solution represented i g. or 1.4 g. of pancreas. The potency 
of the solution was* tested by studying the hypoglycsemic reaction in rabbits as 
described by Marks (4). The results are shown in Tables 1-3. 


TABLE I. 


Normal guinea-pigs. 


Expt. No. 

No. of 
guinea-pigs. 

Wt. of 
pancreatic 
tissue. 

Percentage Idood 
sugar reduction by 
the extract from 

1 g". of pancreas. 

1 

6 


6.0 g. 

16.0 

2 

7 


7.0 

.80.5 

8 

6 


6.0 

15.6 

i, 

7 


5.6 

13.0 

# 

41 

. 

TABLE II 

• 



Scorbutic guinea-pigs. 


Expt. 

No. 

No. of 
guinea- 
pigs. 

Days on 
scorbutic 
diet. 

.Wt. of 
pancreatic 
tissue. 

Percentage 
blood sugar 
reduction by 
the extract 
from 1 g. of 





pancreas. 

1 

5 

26 

5.5 

0 

2 

G 

24. 

6.0 

0 

3 

5 

24 

5.0 

0 

4? 

6 

28 

6.0 

0 


TABLE III. 


1 

-4 

. ■ Percentage blood 

No. of 

Weight of 

sugar reduction by 

guinea- 

pancreatic 

the extract from 

pigs'. 

remnants. 

1.4 g. of pancreas. 


ParliaHy depancreatised 
guinea-pigs 10 

Partially depancreatised 
guinea-pigs receiving in- 
jections of vitamin C 10 


8.6 g. 


0 


8.9 


6.8 
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After the above experiments, the actual potency of insulin, extracted from 
the pancreas of scorbutic guinea-pigs, normally fed guinea-pigs and normally fed 
guinea-pigs receiving injections of lOO mg. of vitamin C for three consecutive 
days before thei? were sacrificed, was quantitatively estimated by the rabbit assay 
method of Marks (4) as described by Burns (5). The results are shown in 
Table 4. 


TABLE IV. 


The Insulin content oj the pancreas of guinea-pigs. 



No. of 
guinea- 
pigs. 

Weight of 
pancreas. 

Insulin content per 
g. of pancreatic 
tissue. 

(International unit) 

Scorbutic guinea-pigs 

21 

24:6 g. 

0.08 

Normally fed guinea-pigs 
Normally fed guinea-pigs 

20 

24..0 

O.GO 

injeeted with vitamin C 

18 

20.0 

0.80 


Discussion 

The percentage blood sugar reduction in normal rabbits after an injection 
of'o.5 cc. of insulin extracted from i g. of raw pancreas of normally fed guinea-pigs 
varied from 13.0 to 30.5. The injection of the same volume of insulin extracted 
from I g. of pancreas of scorbutic guinea-pigs, however, gave rise to no reduction 
of blood sugar. This indicates that the insulin_ content of the pancreas is greatly 
diminished in scorbutic guinea-pigs. The average percentage blood sugar reduction 
in rabbits after the injection of 0.5 cc. insulin extract equivalent to 1.4 g. of 
pancreatic remnant obtained* from the normally fed partially depancreatised 
guinea-pigs which received injection of heavy doses of vitamin C, was 6.8. The 
injection of the same volume of insulin extract from the pancreatic remnants of 
partially depancreatised guinea-pigs receiving no injection of vitamin C gave rise 
to no reduction of blood sugar. This shows *that vitamin C definitely increases 
the insulin content of the pancreas when the secretion of insulin is diminished 
as a result of the partial removal of the pancreatic tissue. On assaying the 
insulin content of the pancreas of guinea-pigs treated in the different way 
described above and using 18 to 21 animals so that enough insulin could 
be extracted for the assay it has been observed that the insulin content 
of the pancreas of scorbutic guinea-pigs is diminished to about J-th of the 
normal value. The insulin content of the pancreas of guinea-pigs receiv- 
ing injections of vitamin C does not seem to differ significantly from that 
of the guinea-pigs fed with normal diet only which is rich in vitamin C. 
Administration of vitamin C above an optimum level, therefore, does not increase 
insulin secretion but the absence of vitamin C in the diet produces apparently a 
striking fall in the insulin content of the pancreas. The glycosuria, the diabetic 
type of the glucose tolerance curve and the depletion of the liver glycogen as 
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have been observed with the scorbutic guinea-pigs and partially depancreatised 
diabetic guinea-pigs ma}'-, therefore', be explained by the diminished insulin content 
of the pancreas in these conditions. The deficiency of vitamin C seems to depress 
the insulin secretory activity of the islets of Langerhans which possibly leads to 
the disordered carbohydrate metabolism observed. 


Summary 

1. The insulin has been extracted from the pancreas of both scorbutic and 
normal guinea-pigs and also from the pancreatic remnants from partially 
depancreatised guinea-pigs with or without receiving vitamin C by injection. The 
potency of the different extracts has been assayed by the study of the percentage 
blood sugar reduction in rabbits. 

2. ' When 0,5 cc. of the different extracts equivalent to i g. of pancreatic 
tissue is injected into different batches of rabbits, the percentage blood sugar 
reduction by extracts from the pancreas of normal guinea-pigs varied between 
13.0 and 30.6 whereas with the same volume of extracts from the pancreas of 
scorbutic animals there was practical^ no reduction. 

3. When 0.5 cc. of insulin extract equivalent to 1.4 g. of pancreas is injected 
into rabbits, the percentage blood sugar reduction by extracts from pancreatic 
remnants of normally fed partially depancreatised guinea-pigs was 0, whereas 
with the same volume of extracts from the pancreas of partially depancreatised 
animals receiving injection of ascorbic acid the percentage blood sugar reduction 
was 6.8, 

4. The insulin content of the pancreas of the scorbutic guinea-pigs is 
diminished to about ^th of the normal value. 

5. The change in the carbohydrate, metabolism as observed with scorbutic 
guinea-pigs is suggested to be due to the diminished insulin content of the pancreas 
of the scorbutic animals. 
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'VITAJIIN C AND CARBOHYDRATE METABOLISM. PART V. 

THE EFFECT OF VITAMIN C ON THE HISTOLOGY 
OF THE PANCREAS OF GUINEA-PIGS 

S.VCHCHIDAKANDA BANERJEE* 

Prom the School of Tropical .VeJicinc, Calcutta. 

(Received for pnidication, April 4, 1914) 

It has been 'shown previousl)' (i, 2) that the insulin content of the pancreas 
IS greatl}^ diminished in scorbutic guinea-pigs. It is, therefore, desirable to study 
the changes in the islets of Langerhans which are chiefly concerned in the secretion 
of insulin. A histological study of the pancreas of both the normal and the 
scorbutic guinea-pigs has, therefore, been made. 


Experimental 

Two groups of healthy guinea-pigs of weights varying between 163 g. and 
420 g. Avere taken. They were divided into two groups. One of the groups 
was placed on a scorbutic diet for 24 days and the other was given the normal 
diet for tvvo weeks. The animals were then selected for the experiment. They 
were fasted overnight and killed next morning by a blow on the head. A portion 
from the tail end of the pancreas was fixed in Zenker-formol solution for 24 hours 
in an ice chest. 7//.-thick paraffin sections were prepared. These were stained 
with f«) Heidenhain’s iron haematoxjdin and (6) Heidenhain's 'azan’ stains. Ever}’ 
fourth section from the tail end of each pancreas stained with iron hematoxylin 
was studied under the microscope. The number of islets present in each section 
was counted and the size of the different islets was measured. The results are 
given in Tables i and 2, A statistical anal3’si5 of the above results is also 
presented in Table 3. 


*Dr. A. Mitra Research Scholar. 
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TABLE I. 

Normal guinea-pigs. 



Animal 

Number of islets 

Total size 

of the islets in each 

number. 

in each section. 

section (in square millimetre.) 

I 

.T 


7.-.. 17 

2 

(i 


273..")0 

a 

3 


82..')0 

•1 

4 


62.50 

O 

n 


119.10 


G 


19.).65 

7 

8 


279:.5G 

S 

12 


6.59.10 

n 

9 


190.87 

10 

1 1 


496.96 

Mean 

7.G 


273..52 


TABLE 11. 




Scorbutic guinea-pigs. 



Animal 

Number of islets 

Total size 

of tbe islets in each 

number. 

in each section. 

section (in 

square millimetre.) 

1 

17 


2526.52 

o 

10 


385.70 

n 

10 


839.50 


10 

' 

1160.91 

,■) 

11 


391 ..50 

6 

U 


176.5.21 

7 

8 


not ..59 

S 

G 


H8..53 

9 

18 


25n..38 

in 

8 


1.35.63 

Mean 

11.2 


1168.^5 


TABLE lil. 




Statistical analysis. 


• 


Size of islets. 

No. of i.slets. 

Tlifference of tbe means 894-.7/ 


3.6' 

Standard error 

of difference 289.16 


1.7 

. t 

.3.09 


2.1 

Remarks 

, highly significant 

significant 


Results 

The sections which were stained with Heidenhain’s ‘azan’ stain were studied 
to see the different types of cells in the islets of Langerhans. The a-cells were 
found to be increased- in proportion to the jS-cells in the islets of Langerhans 
of the pancreas of scorbutic guinea-pigs. The j3-cells were also found to be mostly 
degranulated in the scorbutic tondition. No degenerative changes were observed 
in the sections of pancreas from both the normal and the scorbutic guinea-pigs. 
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Plate III. The pliotoniicrograph of a section of 
pancreas from a scorbutic guinea-pig. 



late IV Xlie pholotnicrograph of the same section 
but the magnification is higher. 


Pi ATE V. The photomicrograph of a section of pan- 
Las from a scorbutic guinea-pig highly magnified. 
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Plate I is the photomicrograph of a section of pancreas from a normal guinea-pig. 
The size of the individual islets of Langefhans is seen to be very small. Plate II, 
which is the same section further magnified, shows one islet. The / 3 -cells, which 
are stained black due to the presence of large number of chromatin in them, are 
found comparatively to be more numerous than the faintly stained’ a-cells. 
Plate IIT is the photomicrograph of a section of pancreas from a scorbutic 
guinea-pig. The islands of Langerhans are fairly increased in size and number. 
Some very small islets are seen in the acinous tissue. Whether the acinous cells 
are -being transformed into islet cells or_ the islet tissue is being formed from 
preexisting rudimentary islet tissue is not quite clear. Plate IV is the photo- 
micrograph of the same section as shown in Plate III but the magnification is 
higher. This shows one islet of Langerhans. The faintly stained a-cells are 
found to be fairly increased in proportion to the ^-cells. Plate V is the 
photomicrograph of a section of pancreas from a scorbutic guinea-pig highly 
magnified. This shows degranulated / 3 -cells. 

, Discussion 

From the above tablets it is observed that the number of islets is greatly increas- 
ed in the pancreas of scorbutic guinea-pigs. The size of the islets is also enormously 
increased, as is evidenced from the size of the islets measured, in the pancreas 
of scorbutic guinea-pigs. The )8-cells are 'greatly dirninished and degranulated. 
The increase in the size and the number of islets is suggested to be due to nature’s 
attempt to secrete more insulin necessary for the normal utilisation of carbohydrate. 
Degenerative changes are not seen in the islets. This seefhs to be related to 
the fact that if the scorbutic animals are given supplements of vitamin C normal 
recovery of the animals takes place. 

Summary 

The number of islets of Langerhans were enumerated and the size of the 
islets, in the fourth section of the pancreas from its tail end, was measured in 
sections of pancreas from both the normal and the scorbutic guinea-pigs. 

The average size of islets in scorbutic guinea-pigs was 1168.25 sq. mm. while 
that from the normal guinea-pigs was 273.52 sq. mm. The number of islets in 
each section in the scorbutic pancreas was 11.2 as compared to 7.6 in normal 
pancreas. 

The / 3 -cells were degranulated in the pancreas from scorbutic guinea-pigs. 

No degenerative changes were obtained in the pancreas of the scorbutic 
guinea-pigs. 

The author is grateful to Dr. B. B. Sarkar, Head of the Dept.'of Physiology, 
Calcutta University for his kind help in the measurement of the islets of 
Langerhans. Photomicrographs were kindly taken by Mr. P. B. Sen, Senior 
Lecturer in Physiology, Calcutta University and the author is indebted to him 
for help and encouragement. 
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NICOTINIC ACID CONTENT OF FISH 

BEATRIZ DE MANEZES BRAGANCA* 
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of Science and Technology, Calcutta. 

(Received for publication, April 1.5, 194-1) 

Although the nutritive value of fish from Indian waters has been investigated 
by many workers with respect to their fat, protein, mineral content, as well 
as vitamins A, Bi and B., comparatively less data have been reported with regard 
to their nicotinic acid content. 

The only work reported being that of Saha (i) from this laboratory, on the 
nicotinic acid content of fresh water fish commonly found in Bengal, and that 
of Khoranna et al. (2) on the nicotinic acid content of fish available in the coastal 
waters of Waltair. 

The present communication deals with the nicotinic acid content of 13 more 
varieties of fresh-water and 8 varieties of marine fish commonly available in the 
Calcutta market between the 'months of January and March. 


Experimental. 

/ 

The fish were obtained daily from the local market and the muscle tissue 
which forms the edible portion was removed and finely minced, the pulp thus 
obtained, being directly used for estimation. The method adopted was that of 
Swaminathan (3) as modified by him. 50 gm. of the pulp were heated in 

Lady Tata Memorial Scholar, 1943-44. 
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beaker with 80 cc. of water for 10 minutes at a temperature of 
70 8o°C in a ^ water bath. 20 cc. of con. HCl were then added and 
the heating continued for another 10 minutes. The mixture was then centrifuged 
and heated in a water-bath for an hour in order to hydrolyse the nicotinamide 
present in nicotinic acid. In some samples a strong colour developed. In order 
to remove the colouring matter and the protein derivatives after hydrolysis the 
extract was cooled and adjusted to pH 5-6 with 50% sodium hydroxide. 
5 cc. of normal barium acetate were than added and the precipitate formed, 
removed on the centrifuge. To the clear centrifugate, i cc. of 20% zinc sulphate 
solution was added. Zinc hydroxide was precipitated by the careful addition of 
concentrated NaOH with phenolphthalein, as internal indicator, so that the mixture 
had a pH about 9.5. The precipitate was then centrifuged and the excess of 
barium present precipitated by the addition of i cc. of 5 N- HiSOi. The 
precipitate thus formed, was again centrifuged and the clear extract so obtained 
adjusted to pH 7 by the addition of NaOH. In most cases almost colourless 
solutions were obtained, but at times a slight yellow colour remained which was 
allowed for by a 'blank’ estimation. The final extract' was made up to 100 cc. 
and the colorimetric estimations carried out in the follo'.ving manner. Aliquots 
of the extract (usually 10 or 15 cc.) were measured out in 25 cc. measuring 
flasks, 1 cc. of aniline was added followed by 4 cc. of freshly prepared solution 
of cyanogen bromide. The contents were then mixed and allowed to stand for 
I minute. 5 cc. of aniline were then added and the volume made up to 25 cc. 
with water. The yellow colour formed was compared in a Klett colorimeter 
against a standard solution of nicotinic acid (usually containing 50/xg.) treated 
in the same manner. The estimation must be done within 10 minutes. 

The results obtained are given in Table I a and I b. 


TABLE la. 


Nicotinic acid content of fresh-water fish. 

(Values are given in mg. per 100 gm. of fresh muscle tissue). 


- 

Local name. 

Zoological name. 

Nicotinic acid. 


Banghar 


1.7T 


Ban 

... 

0.94, 


Folui 

Notoptems iiofaptenm 

0.84, 


Hilsa (small variety) 

ClupCa ilisa 

0.87 


Bhotka 

Lates calcifer 

0.73 


Pona 

*•« 

0.71 


Bata 

... 

0.62 


Kalabasu 

Ijahco cdlhasti 

0.59 


Khoyra 

~ ... 

0.46 


Put! (very small varict}") 

... 

0.44 


Magur (very small variety) 

Clasins batrachns 

0.45 


Chingri (very small) 

... 

0.88 


Put! 

... 

0.32 ■ 
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(Values are 

TABLE Ih. 

Nicotinic Acid content of sca-ftsh. 

given in mg. per lOo gm, of muscle tissue). 

Local name. 

Zoological name. 

Nicolinic acid 
content. 

Pomfret 

Stromatcuf «;)/>. 

11.1 

Surmai 

Cyhiuni Kuhli 

2.7 

Alva 

Stromatcus uiger 

2.7) 

Sca-Vetki 

• •• 

2.1(1 

Chak 


2.00 

Atta 


2.00 

l.ady’s finger 


1.60 

Bangada 

... 

1,18 


Recovery of added nicotinic acid: — 

- In order to test whether the method adopted would permit added nicotinic 
acid to be recovered quantitatively, experiments were carried out with added 
quantities of nicotinic acid. Results obtained arc given in Table II. 


Name. 


Banghar 

Folui 

Puti 

Kalabasu 

Bhelka 


TABLE II, 

Recovery of added Nicotinic Acid (iV./l.) 
• (Values are given in mg. per loo gm.) 


Amount 
N.A. added. 


Value with 
added N.A, 


Value 
■without 
added N.A. 


Amount re- 
covered. 


%or 

recovery. 


0.20 

1.97 

0.20 

1.09 

0.20 

0.,70 

0.20 

0.70 

0,20 

0.88 


1,77 

0.89 

0,.92 

O.CO 

0.7.'5 


0,17 

fir. 

0.20 

100 

0,18 

90 

O.IO 

80 

o.ir, 

7/5 


■ Discussion 

Results as shown in Table.In imlicate that the 
» analysed, Banghar (x.77 ntg.) is found to f 
whilst Puti (0.32 mg.) is the lowe.st. The valuer ' - • 

those reported earlier by Saha (i). These results con irm On 'tfie 

water fish commonly eaten in Bengal is a poor renited liigher vohie^. 

other hand, Kodicek,4) and Khorana a al. ^^^2 '!L for SM. Jhrrinf' 

for the fish analysed by them. Kodicek give.-, - > r(-'‘V<-'’ifVoW- 

and Cod to ba as high Z 8.4 n.g„ 4.0 -"E- and S'" ' ^ 
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WTiilst among the fish analysed by Khorana et al. the highest value is that of 
Hilsa (4.7 mg.) and the lowest that of Seer (1.9 mg.). From these results it was 
interesting to analyse some common varieties of sea-fish, available in this city, 
and to see Avhether when 'the same technique is applied to all the samples, the 
difference in the nicotinic acid content in fresh-water fish and sea-fish still shows 

a marked variation. The sample of Pomfret analysed had the highest value 

(3.1 mg.) and Bangada had the lowest value (1.12 mg.). These results indicate 
that on the whole sea-fish is a richer source of nicotinic acid than river-fish. 

. Results obtained for the recovery of added nicotinic acid shows that e.xcept 
in one case no quantitative recovery was possible. The lowest recovery obtained 
was 75%. We find the method to be accurate within these limits on considering 
the limitations of a visual colorimeter and the fact that .the final colour is not 

stable even when the estimations are done within 10 minutes as recommended 

by Swaminathan (3). 


Summary 

Thirteen varieties of fresh-water fish commonly found in the Calcutta market, 
and eight varieties of sea-fish also found in the city market have been analysed 
for their nicotinic acid content by the modified method of Swaminathan. Sea-fish 
is found to be richer in this vitamin. The highest value for the sea-fish is that 
of Pomfret 3.1 mg. per 100 of muscle tissue. Among the river-fish Banghar, 
(1.77 mg.) had the highest value. 

My best thanks are due to Prof. B. C. Guha for his kind help and advice. 
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PHYSICO-CHEMICAL STUDIES ON H^EMOLYSIN. PART I. 
CRYSTALLINE HiEMOLYSIN (LECITHINASE) ' 
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■Enquiry under the Indian Research Fund Association, University College 
of Science and Technology, Cdlcxitta^ 

(Received for publication, April 21, 19-W) 

The toxic activities of venoms of poisonous snakes are extremely complex. 
Nearly all of them have some neurotoxic action, either central or peripheral , 
many of them- possess powerful haemagglutinic, haemolytic and cjdolytic activities , 
some of them contain proteolytic or lipolytic enzymes and frequently enzymes 
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like phosphatase or choline esterase. In the venoms of Indian cobra, which is 
the subject of the present studies, neurotoxic and haemolytic activities are present 
in all of them. The haemolytic agent has a destructive action upon red blood 
cells both in vivo and in vitro. 


The researches . of Kyes (i) and those of Delezenne and his colleagues (2) 
have-shown that haemolysis may be caused by an enzymatic component of snake 
venoms. The enz5'me is capable of splitting lecithin with the formation of a 
powerful haemolytic agent. To this enzyme the name ‘Phosphatidase’ or 
‘Lecithinase’ has been given. The enzyme lecithinase acting on lecithin produces 
a lysolecithin by the separation of an unsaturated fatty acid from the lecithin 
molecule. The substance so formed (the choline ester of monostearin-phosphoric 
acid) possesses strong haemolytic properties. The appropriate name of lysolecithin - 
is given to that material. 


Recently much work has been done on the isolation of the neurotoxic 
fraction of venoms. Micheel et al. (3) have obtained from the venom of Naja 
Tripudians a neurotoxin containing inorganic matter (probably ZnO). Slotta and 
Fraenkel-Conrat (4) reported that they have prepared a crystalline protein 
which contains the neurotoxin and the heemolysin but not the coagulating 
principle of Crotalus-t-terrificus venom. Ghosh and De (5) have shown that 
the neurotoxin of the Crotalus-t-terrificus venom can be partially separated from 
the hasmolysin and, therefore, the crystalline substance obtained by Slotta and 
Fraenkel-Conrat is a mixture of at least two proteins. 


.Very little work has been done on the separation of the. haemolysin 
fraction from the other constituents of the venom. Amongst the earlier 
workers, who claimed to have separated haemolysin from neurotoxin' the 
following might be mentioned. Kyes (6) claimed to have separated haemolysin 
from neurotoxin by combining it with lecithin and termed the resulting compound 
lecithide. But later workers have shown that an active haemolysing agent 
(lysolecithin) is formed by the interaction of venom with lecithin, which can 
haemolyse in absence of both of them. Flexner and Noguchi (7) separated 
haemolysin by adsorption with appropriate cells, but this method is unsuitable 
since it requires the addition of unknown quantities of protein substances. 
Dunn (8) observed that Crotalus adamanteus venom acting on cephalin 
produces intensely haemolytic substances. He separated aii active 'Cephalinase’ 
from Crotalus adamanteus venom with strong haemolytic but no proteolytic activity. 
The haemolytic activity of this fraction was of the same order as that of its 
cephalinase content. Faust (9), however, claimed that he had separated from 
cobra venom a nitrogen-free substance called ophiotoxin (CiTH-eOu) which 
resembled a glucoside in, composition. According to him these poisons were not 
proteins but' glucosides belonging to the saponin group of haemolytic agents. He 
was of opinion that these glucosides were bound to proteins, forming compound 
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proteins which acted as specific antigens. Later workers did not confirm Faust’s 
results. Franzi (lo) working with venoms of vipera aspis and Crotalus terrificus 
has advanced a theory that haemotysis is caused by an inorganic catalyst rather 
than by an enzyme. , 

The present investigation was undertaken to separate the haemolytic fraction 
of some of the venoms in a pure state. For this purpose venoms of snakes of 
colubridre family were selected as they possess considerable hremolytic activity. 
The venoms collected from the binocellate and monocellate varieties of Naja 
Tripudians and also venom from Bungarus Fasciatus have been used. 


The separation of haimolysin from the other constituents of cobra venom has 
been effected by Ghosh and De (ii) and by Ganguly and Malkana (12) by 
treating the venom solution with sodium chloride. The hmmolysin fraction has 
been further purified by heating tlie solution of the precipitate at 86°C and finally 
by cataphoresis of the solution obtained after heat coagulation. For the same 
protein content the haanolysin fraction, so obtained, was four times more active 
than the crude venom. Recently- two methods have been evolved by the author 
(De, 13) for the purification of the haemolysin and by both the methods a 
concentration of eleven times of the haemolysin fraction has been effected. 


As both these methods were complicated and tedious and further there was 
the possibility of denaturation of haemolysin during these complicated operation^ 
some other method more suitable for purification was attempted. After muc 
experimentation a successful method has been evolved which is descri e m e ai 
in this section dealing with the crystallisation of haemolysin. 


Experimental 

> ^ 

Measurement of hemolytic activity. — ^The method employed for the estima ' 
of the hffimol5d;ic activity of various venoms and of their different , 

been described in a previous papef (i 3 )- The amount in y 0 ^ of 

venom which haemolysed the mixture in 2 hours was taken as one um 
haemolysin. It was not found convenient to determine the exact niom 
complete haemolysis by the naked eye, so estimations were made wi 'sin 
sufficient to cause only partial haemolysis in a given time, and en e er 
amount of haemoglobin liberated by a colorimeter. For this purpose 
amounts of the solution to be tested were set up with known 
venom which contained one unit of hmmolysin. After incubation for 
the unlysed cells were centrifuged and the haemoglobin liberate m ^ 
tubes was compared colorimetrically with the standard containing the h ,, 
liberated by one unit of hfemolysin. 
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TABLE I. 


Hcemolytic 

activity of different 

venoms. 

Venom. ^ 

One unit of hmmolysin 
contained in 

1 mg. of the venom contains 

Naja Tripudians 

(variety monocellate) 

S.2y 

192 units of haemolysin 

Naja Tripudians 
(variety binocellate) 


232 units of hoemolysin 

Bungarus Fasciatus 

IS.Oy 

66 units of haemolysin 


Crystallisation of the Hmnolysin from Naja Tripudians 
{variety monocellate) Venom. 

2 Gm. cobra (monocellate variety of Naja Tripudians) venom were dissolved 
in 200 cc. of water and the reaction of the solution was adjusted to pH 2.8-3.0 
by the addition of 3 iV-sulphuric acid. To this solution were gradually added with 
stirring 30 gm. of sodium chloride and the mixture kept in the thermostat at 
37°C for 20 minutes. The mixture was filtered using No. 50 Whatman filter 
paper. The filtrate contained about 5 per cent haemolysin. The precipitate which 
contained the major portion of haemolysin was redissolved in 200 cc. of water. 
After adjusting the reaction of the solution at pH 4.0-4.2, 20 gm. of sodium 
chloride were gradually added to precipitate some of the inactive proteins of the 
venom. The mixture was kept at 37°C as before, and centrifuged to separate 
the inactive precipitate, the supernatant liquid which contained the active principle 
was adjusted to pH 2.8-3.0 and the active principle precipitated by the further 
addition of 8 gm. of sodium chloride. The mixture was incubated as before, 
filtered under suction to remove the maximum amount of filtrate. The precipitate 
which contained about 90 per cent of haemolysin was subjected to fractionation 
with ammonium sulphate. For this purpose the precipitate was dissolved in 40 cc. 
water and the solution adjusted to pH 2.8-3. 0 ^^d precipitated by the gradual 
addition of 10.4 gm. of ammonium sulphate. The precipitate which contained 
the major portion of the haemolysin fraction was filtered off. This fraction . 
contained some inactive proteins which can be removed by adsorption on 
Alumina Cy [Willstatter et al. (14)] from a faintly acid solution. . For this 
purpose the precipitate was dissolved in 40 cc. of 2 M acetate buffer of pH 5.6 
and treated with 10 cc. (Al203=396 mg.) suspension of Alumina Cy and shaken 
for 30 minutes in the shaker. The alumina was separated from the supernatant 
liquid by centrifuging. The total volume collected was measured and to this 
solution solid ammonium sulphate was added until it reached 0.4 saturation. The 
precipitate formed was removed by filtration after some time and it was found 
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to contain very small amount of haimolysin. To the filtrate more ammonium 
sulphate was added till it has reached 0.6 saturation with respect to ammonium ' 
sulphate. This fraction was found to contain 70.8 mg. protein containing 57 per 
cent hemolysin with respect to crude venom. 


The material collected from 6 gm. of cobra venom by the above method 
of purification was dissolved in 12 cc. of 0.2 M acetate buffer of pH 6.0 and 
cooled to io°C. To this solution were added gradually and with stirring 2.4 gm. 
of solid -ammonium sulphate. Saturated ammonium sulphate was then added, 
a few drops at a time, every half an hour until crystallisation occurred, which 
was detected by the silkiness produced on stirring the solution. The silkiness 
produced on stirring the crystals proved ■ a much more sensitive test than 
observation under microscope for deciding whether crystallisation has commenced. 
The saturated ammonium sulphate was so added as not to complete crystallisation 
within 6 hours otherwise the crj'stals grew very tiny making it difficult to centrifuge 
them out. The solution was allowed to stand overnight at io°C and next day 
the needle shaped crystals were centrifuged out. Yield of crystals was 182 mg. 
and contained haemolytic activity equivalent to 3.19 gm, of cobra venom. 
Therefore crystalline haemolysin, obtained from monocellate variety of Naja 
Tripudians, is 17.5 times more active than the haemolysin present in crude venom. 

» 

Recrystallisation. 

The crystals obtained after pouring off the supernatant liquid were dissolved 
in 10 cc. of 0.2 N acetate buffer of pH 6.0. The solution was somewhat turbid, 
it was centrifuged until clear and then decanted. The solution was cooled to 
io°C and crystallised in the manner described for the first crystallisation. It 



Fig. la. Crj-stalline Hasmolysln from Naja Tripii- 
dians" venom (^a^ monocellate) X 200. 

sometimes happens that a portion of the haemolysin crystals is found to have become 
insoluble in acetate buffer of pH 6.0. Such crystals have a diminished activity 
and apparent!}? consist of denatured crystals. This recrystallised product contained 
T32 mg. protein but no further increase in actiwty was obser\'ed. 

7 
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TABLE II. 

Preparation of crystalline hcemolysin. 

Material and manipulation. per cent Per cent hajmolytic 

— protein. activity recovery. 


2 gm. Naja Tripudians (variety mono- 


cellate) 

89.26 


... 

Precipitate obtained from crude venom 
with 30 gm. NaCl at pH 2. 8-3.0 

55.1 1- 

A 

95.1 

Filtrate after precipitation with 20 gm. 

NaCl at pH 4..0-4.2 

26.96 


86.6 

Precipitate with 8 gm. more NaCl at 
pH 2.8-3.0 

22.13 


78.4 

Precipitate with ammonium sulphate at 
pH 2.8-3.0 

17.82 


75.0 

Supernatant liquid after treatment^ with 

Alumina Cy 

12.55 


68.3 

Filtrate with precipitation with ammonium 
sulphate (0.4 saturation) 

4..72 


62.8 

1 

Final precipitate (O.G saturation) 

3.54. 

* 

57.0 

Crystalline hmmolysin 

3.03 


53.1 


Crystalline Hremolysin front Naja Triptidians {variety binocellaie). 

By adopting the above procedure with Naja Tripudians (variety binocellate) 
venom from a 6 gm. lot, 216 jng. of crystalline haemolysin were obtained which 
contained hasmol5dic activity equivalent to 3.08 gm. of Naja Tripudians venom, 
or 70.1 mg. of crystalline haemolysin contained haemolytic activity equivalent to 
. I gm. of binocellate variety of Naja Tripudians venom. Therefore weight for 
weight this crystalline haemolysin is 14.3 times more active than the haemolysin 
in crude binocellate variety of Naja Tripudians venom. 


Crystalline Hemolysin frotn Bungarus Fasciatus Venom. 

In the case of Bungarus Fasciatus venom starting from 2 gm. of venom and 
adopting the same procedure as described before 36 gm. of crystalline haemolysin 
(Fig. lb) were obtained containing activity equivalent to 0.96 gm. of crude venom, 
or 40 mg. of crjfstalline haemolysin contained activity equivalent to i gm. of crude 
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Bungarus Fasciatus venom. Therefore, cr3'stalline hjemolysin obtained from 
Bungarus Fasciatus venom is 25 times more active than its crude venom. 


r " ^ 




Fig. Ib. CryilalVmc Htcmolysin from Bungarus 
F asciatus venom x 200. 

TABLE III. 

• HiBtnolytic activity of different Crystalline Hemolysins. 


Venom, 

Purification 

effected. 

1 mg. of the crystalline 
hasmolysin contains 

Naja Tripudians 

(variety monocellate) 

17.5 times 

192X17.5 = 3360 units 

Naja Tripudians 
(variety binocellate)- 

I'l.S times 

of hmmolysin 

232X14.3 = 3318 units 

Bungarus Fasciatus 

2., times 

of lioemolysin 

66x25 = 1650 units 



of hiemolysin 


Preparation of Salt Free Hremolysin. 

Hgemolysin, freed from salts, was used in the subsequent experiments and it 
was prepared in the following way. After recrystallisation the h£emolysin crystals 
were centrifuged down and after decanting the supernatant liquid, the paste 
containing the crystals was placed in a cellophane bag and dialysed at 4°C for 
2/\ hours against frequent changes of cold redistilled water. The solution was 
taken in a centrifuge tube and any undissolved impurity was removed by 
centrifuging. The haemolysin was then precipitated from its solufion at o°C by 
addition of 4 volumes of ethyl alcohol also at o°C. The precipitate formed was 
centrifuged down with frequent cooling and washed with ice-cold ether. The 
'precipitate was then dried in a vacuum desiccator over phosphorus pentoxide. A 
portion of htemolysin was dissolved in water and tested with silver nitrate, barium 
chloride and Nessler’s solution, but no indication of chloride; sulphate and 
ammonium ions was found. This salt-free hsemolysin was used for subsequent 
experiments. 
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Toxicity of Crystalline Hcemolysin. 

The toxicity of the venoms was tested b}/ intramuscular injection into pigeons 
of 300 gm. weight and it was found that the m.l.d. for monocellate and binoceUate 
varieties of Naja Tripudians^ was o.i mg. and 0.085 respectively, while 
in the case of Bungarus Fasciatus venom the m.l.d. was 1.6 mg. But the minimum 
amount of crystalline hasmolysin required to kill a pigeon of standard weight was 
2.4 mg. in the case of the two varieties of Naja Tripudians venom, while the 
minimum amount of crystalline hasmolysin from Bungarus Fasciatus venom 
required was 4.0 mg. 


Purity Test of Crystalline Hcemolysin. 

Although many enzymes have been crystallised, yet the homogeneity of these 
crystals is still doubtful, as in some cases they have been found to be associated 
with inert proteins. The individuality of pepsin has been tested by Tiselius 
et al. (15) by electrophoresis in the Tiselius apparatus. It was found that a 
portion of the dissolved pepsin migrated as an active homogeneous protein but 
some, inactive material was left behind (20-50% of the total). Steinhardt (16) 
remarked that some crystalline enzymes may be mixtures of protein material. 
Kunitz (17) observed that beautifully crystalline enzyme preparations may 
contain large amount of impurities. The solubility test is not in every case a 
reliable test for homogeneity and careful and varied investigation of each substance 
must decide the question of its individuality. 

A number of tests for the purity of the enzyme have been suggested and 
carried out: 

(i) The rate of inactivation compared to formation of denaturated protein. 
(ii) Sedimentation-rate determinations. 

(Hi) Diffusion measurements. 

(iv) Electro-cataphoresis. 

(u) Inactivation by ultra-violet light. 

(vi) Solubility determinations. 

It has been found by Northrop et al. (18) that the last method is the only 
one upon whiclj reliance can be placed since several crystalline preparations which 
gave constant activity and were homogeneous by other tests, showed the presence 
of more than one protein when tested by the solubility method. Recently for 
determining the homogeneity of substances of high molecular weight special methods 
like, ultra-centrifugal sedimentation and electrophoretic measurements in Tiselius 
apparatus are' resorted to. The purity of crystalline haemolysin has been tested 
by the solubility method of Kunitz and Northrop (19) and also by the 
cataphoretic method. 
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Solubility victhod. 


sulprat»ta?„n . ™'"““ o* saturLd an.m„nto 

of amll , u ° “ 45 CO. so that the concentration 

of ammomnm sulphate m the different flasks cvere 0.47. 0.50, 0.54. 0.57 and 0 6 

iwe 3 fed®' f "-ccc centrifuged after one hour. The prectrilates obtained 

esfim,t3 «>"'c"'s of the different solutions were 

3 ™ K . '’'"'""'"'"e lltc total nitrogen and the nou-protein nitrogen. The 

rive- (U 40 nig. and the protein content in the different precipitates 

gJ'ea the amount of substance in the respective solutions. 

ab= the number of milligram of substance remaining in solution as 

sciss® and log. of ammonium sulphate saturation as ordinate a straight line was 
aine (Fig. 2) which indicated the puritj’’ of the hsemolysin crystals. 



AbscissiE — mg. Hoemolysin in solution. 

Ordinate — log of saturation of ammonium sulphate. 


TABLE IV. 

Solubility of hcemolysin in ammonium sulphate solution. 

Saturation nP . 

tng of sulphate 0.4T 0.50 0.54 0.5' O.S 

in solution ’ 32.3 21.9 15.2 6.3 2.1 

^^(‘^Phoretic method. . 

Th 

chamK ^ used consists of a four-chambered glass vessel (Fig. 3). The 

jv separated from each other by membranes of suitable material.' Finest 

^ ^ tty of ultra-fine filter was selected for this purpose. The buffered 10 cc. 
ffimoysin solution, containing 45 rag. of crystalline hcemolysin (salt free), was 
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placed in the chamber B and lo cc. of the same buffer solution were placed in 
each of the other chambers A, C and D which were put into electrical connection, 
by means of two agar bridges, with copper sulphate solution contained in two 
beakers. The copper electrodes were immersed in the copper sulphate solutions. 



One of the electrodes was connected directly to one pole of the 220 volt lighting 
circuit and the other electrode connected to the other pole through a milliammeter. 
The whole arrangement was placed inside a frigidaire maintained at 4°C. After 
the passage of 432 coulombs of electricity through the cell, the contents of the 
chambers C and D were examined for nitrogen and haemolysin content. Three 
such experiments were carried out at different pH values, and in no case the 
ratio of protein to haemolytic activity varied appreciably from that of the starting 
solution. Sorenson’s phthalate and phosphate buffers were used. The buffer 
solution was so added that the resultant mixture had an ionic strength of 0.02 M. 


TABLE V. 

I mg. of crystalline hcemolysin contained ^360 units of heemolysin. 


pH 

Protein 
mp. in 

content in 
chamber. 

Units of licemolysin 
in chamber. 

Units of lisomolysin 
per mg. of protein in 
chamber. 

c 

D 

C 

D 

C 

D 

3.6 

3.6 

8.6 

12000 

28000 

3333 

3250 

.5.0 

.3.1 , 

7.2 

10200 

24200 

3293 

3361 

7.0 

2.2 

.5.5 

7400 

18800 . 

3363 

.3418 


The slight variation in h'smolytic activity per mg. of protein is within the 
limits of experimental error. The solubility and the electrocataphoretic experi- 
ments, therefore, prove the non-existence of any impurity in the haemolysin 
crystals. 
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Discussion 

Crystalline hsemotysin has been obtained from two varieties of Naja Tripudians 
and Bungarus Fasciatus venom. The activities of the crystalline products are not 
the same (vide Table III). In the case of raonocellate and binocellate varieties 
of Naja Tripudians venom the haemolytic activity per mg. of crystalline protein 
is 3360 and 3318 units of haemolysin respectively, which may be taken to be equal 
within the limits of experimental error. Thus the haemotysins contained in these 
two t3'pes of venoms are probabl}^ identical in composition. But in the case of 
Bungarus Fasciatus venom the activity per gm. of crystalline haemolysin is only 
1650 units, which is one-half of the activity of the crystalline haemolysin obtained 
from the two varieties of Naja Tripudians venom. Crystallisation of a particular 
protein does not alwa3^s guarantee its absolute purity because in some cases it 
has been observ'ed that the crystals contain as much as 20 per cent of foreign 
protein. The above difference in activity suggests that the crystalline product 
is associated with some inert proteins. 

But in the carrier theory it has been postulated that the active enzyme consists 
of hvo components, the protein part and the prosthetic group. The protein part 
is responsible for the specificity and the activity is due to the prosthetic group. ^ t 
is suggestive that .active groups (prosthetic group) present in crystalline hEemolysm 
from Bungarus Fasciatus venom is one-half of that present in the crysta me 
products obtained from both varieties of Naja Tripudians venom. In this 
connection it might be mentioned that Sumner et al. (20) prepared three ciystaUme 
horse liver catalase preparations which were found to be homogeneous by 1 
but varying in catalase activity from Kat. f. 22,000 to 55 '®®®- They postu a e 
that the catalase activity depends on the number of hematin (prost etic group 
groups in the molecule. 


Summary 


The hamolysin fraction of venoms of Naja Tripudians and Bu g 
Fasciatus species of snakes has been obtained in a crystalline orm. 


2. The activities of hseraolysin (crystalline) obtained from .. 

cellate and binocellate varieties of Naja Tripudians have been found to 


same 


3 - The 'activity of h'semolysin (crystalline) from Bunprus • 

K OM-half the/activity of haemolysin obtained tom both vanet.ee of Naja 

iripudians venom. 

. 4 - The purity of the crystalline product has been verified by the solubility 

cataphoretic methods. 



56 


S. S. DE 


• Acknowledgment 

. My best thanks are due to Dr. B. N. Ghosh for his kind encouragement 
and for the laboratory facilities offered and also to the Indian Research Fund 
Association for a research grant. My thanks are also due to Mr. P. B. Sen of 
the Physiology Department for helping me in taking the microphotographs. 


REFERENCES 

1. Kyes, P. (1902), Berl. Klin. Wschr., 39: 88C, 918. 

2. Delezenne, C. and Lededt, S. (1911), C. R. Acad. 'Set., Paris, 162: 790; 153: 81. 

3. Micheel, F., Dietrich, H. and IBischoff, G. (1937), Z. Physiol. Chem., 249: 1.57. 

4. Slotta, K. H. and Fraenkel Conrat, H. L. (1938), Bcr, 71: 107C. 

5. Ghosh, B. N. and De, S. S. (1939), Nature, 143: 380. 

6. Kyes, P. (1903), Berl. Klin. Woch., 40: 956, 982. 

7. Flexner, S. and Noguchi, H. (1905), Jotini. Path, and Bact., 10: 111. 

8. Dunn, E. E. (1934), J. Pharmacol, and Exp. Therap., 60: 893. 

9. Faust, E. S, (1907), Arch. F. Exp. Path and Pharm., 69: 236. 

10. Franzi, L. (1936), Fathologica, 28: 401. 

11. Ghosh, B. N. and De, S. S. (1938), Ind. J. Med. Res., 25; 779. 

12. Ganguly, S. N. and Malkana, M. T. (1936), Ind. J. Med. Res., 24: 281. 

13. De, S. S. (1939), Ind. J. Med. Res., 27: 531. 

14. WiLLSTATTER, R. AND Kraut, H. (1923), Ber., 56B: 149, 1117. 

(1924), Ber., 67B: 1082. 

15. Tiselius, a., Henschen, G. E. and Svensson, H. (1938), BiocJieni. J., 32: 1814. 

16. Steinhardt, j. (1938), J. Biol. Chem., 123: CXV. 

17. Kunitz, M/ (1938), J. Gen. Physiol., 22: 207. 

18. Northrop, J. H. .and Herriot, R. M. (1938), Ann. Rev. Biochem., 7; 37. 

19. Kunitz, M. and Northrop, J. H. (1938), Cold Sjving Harbour Symposia on Quantitative 
Biology, 6; 325. 

20. Sumner, J. B., Dounce, A. L. and Fbampton, V. L. (1940), J. Biol. Chem., 136: 343. 


t 



HEAL . 

DIASTIN 

Active Biological digestant of Carbohydrate food. 

FIRST DIASTATIC ENZYME MANU- 
FACTURED IN INDIA 

Under proper conditions, each grain of Diastin 
renders soluble 250 grs. of starch in 10 minutes. 

Indicated in : Indigestion and Fermentative 

Dyspepsia. 

INDIAN HEALTH INSTITUTE 
& LABORATORY LIMITED 

Beliaghata Main Road - - CALCUTTA 


P 


RINTING 


SREE SARASWATY PRESS LTD. 

32, UPPER CIRCULAR ROAD, CALCUTTA. 

Phones: B. B. 3905, 3906 


dependable: 


Sulphonamide compound 

UREA SULPHA2IDE 

■ ■ 

Effective over a wide range of infective conditions. 

Due to extreme low toxicity it can also be 
employed with complete confidence for a reasonably 
prolonged period. 

Red Soliction. White Tablets 

UNION DRUG CO, LTOreALCUTTA. 


285, BOWBAZAR STREET 

Telephones s CAL. 1159, 4975. Telegram s "BENZOIC" CAL. 


POUR STEPS TO 

O BLOCK 
O DESIGM 
OLAY-OUT 

O POIAITING 1 

. fiCnCAL 4UT0fvPE COmpPHV 

Grom: Otogravure PROCESS ENGRAVERS ART PRINTERS AND DESIGNERS 

213 • CORNWALLIS STREET • CALCUTTA 






< 1 . 





Products of Bathgate^ s Laboratories 


CARBARSONE : Capsules and Tablets 
in bottles of 20. 

SULPHARSPlBENAMINE : Tested 

both chemically and biologically to conform 
to the International Standard, 

Issued in the following strengths : 6, 12, 18, 
24, 30, 36, 42, 48, 54 and 60 centigrammes. 

CARBANTIM : The carbamide deriva- 
tive of /-amino-phenyl-stibinic acid for 
intravenous injection in Kala-azar. 

Ampoules of 0.025, 0.05, 0.1, 0.15 and 
0.2 gm. 

CHINIOFON B. P. ( Yatren ) Powder 
and solution. 


BATHGATE & CO. 

CHEMISTS. 

CAL C tJTTA 



“SIGCOL” 


blue-lined NEUTRAL 


Glass Tubing for Ampoules 

0 



THE SCIENTIFIC 
INDIAN GLASS 
COMPANY, LIMITED. 


6 . 


CHURCH LANE, 


Volume IV, Number 2, 1944 


Edited by 

P. K. Bose B. N. Ghosh B. C. Guha J. C. Ray 

IN CONJUNCTION WITH 

B.AHMAD-Lahore, R.AHMED-Calcutta. K.N.BAGCHI-Calcutta, K.P.BASU-Dacca, 

J. C.BANERJEA-Calcutta, N.M.BASU-Calcutta, D.CHAKRAVARTI-Calcutta, 

M.DAMOD ARAN -Madras, N.B.DAS-Muktesar, M.N.DE-Calcutta, J'.C.GHOSH-Bangalore, 
S.GHOSH-Calcutta,K.V.GIRI-Waltair.R.E.HEILIG-Mysore,P.KUTUMBIA-Vizagapatam, 
JIVRAJ MEHTA-Bombay, S.C.NEOGY-Calcutta, R.K.PAL-Calcutta, P.B.SEN-Calcutta; 

K. C.SEN-Izatnagar, B.B.SARKAR-Calcutta, V.SUBRAHMANYAN-Bangalore, 
SALIMUZZAMAN SIDDIQUI-Delhi, T.S.TIRUMURTHI-Madras, A.C.UKIL-Calcutta. 

ASSISTANT EDITORS 

S. S. DE S. M U K E R J E E S. ROY 



published’ QUARTERLY UNDER THE AUSPICES OF THE ' 
.INDIAN lisiSTITUTE FOR MEDICAL RESEARCH, CALCUTTA. 



T. €. F. 


WHOLE LIVER EXTRACT 



★ T. C. F. '^hole Liver Extract has remarkable therapeutic value in 

^ Tropical macrocytic ansemia and pregnancy anEemias. 

★ T. C. F. '^hole Liver Extract not only contains all the anti-pernicious 

anaemia factors but also '^hippie's fatcors, 'Bills's factors and 
Vitamin B-Complex comprising Thiamin (Bl), Riboflavin (B2), 
Adcrmin (Bg), Pantothenic acid (Filtrate factor) and Nicotinic 
acid* (P-P factor) from fresh young healthy sheep liver. 


Packed in 2 c. c. & 5 c,c. ampoules and 10 c.c, rubber-capped vials 

* Nicotinic acid inherent in liver and fully retained in T C.F. Whole Liver Extract has 
been found to be one of the essential factors effective in macrocytic anaemia. 



PRODUCT OF THE BIOLOGICAL LABORATORY 
OF 


TEDDINGTON CHEMICAL FACTORY LTD., BOMBAY. 

Samples, Prices and Literature, etc,, on application to : 

Sole Distributors : W. T. SUREN & CO. 

BOMBAY (Post Box No. 229.) 

CALCUTTA BRANCH MADRAS BRANCH KARACHI BARNCH 

Suite No. 13, Howrah 12, Sunkuramo Chotty Street, 54, Forbes Building, 

Motor Buildings, „ , d , 

P'6, Mission Row Extension. George Town Bunder Road 


Annals of Biochemistry 
and Experimental Medicine 

CONTENTS 

Volume IV, No. 2, 1944. 


PAGE 

The Stability and Absorption of the Antigens of Bact. Typhosum with 

Special Reference to Oral Immunization. S. Mukerjee 57 

Vitamin C and Carbohydrate Metabolism. Part V. The Adrenaline 
AND the Ascorbic Acid Contents of the Adrenal Glands of 
Guinea-pigs. Sachchidananda Baiter jee 67 

The Effect of Thermal Treatment on the Absorption of a few Animal 

Fats and Hydrogenated Groundnut Oil. A. Roy 71 

Alkaline Phosphatase Activity in Experimental Scurvy. A. Roy . . 73 

Studies on Choline-EsteR(\se. D. K. Chaudhuri 77 

Nicotinic Acid, Riboflavin, Ascorbic Acid and Glutathione Contents 
OF Livers of sojie Cancer Susceptible (A and C,H) and Cancer 
Insusceptible (C57) Strains of Mice. 

R. G. Chiire, S. D. Ambegaokar and N. G. Joshi 87 



The Annals of Biochemistry and Experimental Medicine is issued quarterly, 
one volume appearing in a year. The journal is meant to publish mainly original 
papers. It also publishes reviews on • scientific subjects and books and reports 
of scientific interest. 

Manuscripts for publications, books for review and correspondence relating 
to the editorial management and business matters should be sent to the Editor of 
the Annals of Biochemistry and Experimental Medicine, Indian Institute for 
Medical, Research, P27 Prinsep Street, Calcutta. 

Articles are accepted for publication on condition that they are contributed 
solely to the Annals of Biochemistry and Experimental Medicine. Manuscripts 
must be typewritten, preferably double spaced, and the original copy should be 
submitted. 

Authors are requested to enclose line drawings of all the diagrams in their 
papers drawn in Indian ink on smooth white Bristol board. The drawings should 
be twice the size they will occupy in the journal. Authors are particularly- 
requested to reduce the number of diagrams to an absolute minimum. 

References to literature should be arranged thus; The author’s name, initials, 
year, abbreviation of journal, volume and page ; in the case of books, the title 
in full, with the place and year of publication, and page. 


Contributors receive 50 reprints of their papers free of charge. Additional 
copies may be obtained at cost. The requirement of such copies should be 
indicated at the time of submission of the manuscripts. 

The annual subscription rate is as follows: In India, Burma and Ceylon, 
Rs. 8/- ; Foreign Rs. rz/-, including postage, payable in advance. Single 
copies cost Rs. 2/8/-. Remittances should be made by draft or cheque, or by 
postal money order, pa3''able to the Indian Institute for Medical Research, 
Calcutta. 

Claims for copies lost in the mails must be received vdthin 30 days (90 days, 
foreign) of the date of issue. Changes of address must be received at least two 
weeks before the date of issue of the journal. 


Printed nt Sree Sarasvraty Press Ltd., 32, Upper Circular Road, Calcutta and published by 
J. C. Sen from the Indian Institute for Medical Research, P27 Prinsep Street, Calcutta. 



dependable 
Suiphonamida compound 


UREA 5ULPHAZIDE 


Effective over a v/ide range'^of infective conditions. 
Due to extreme low toxicity It can also be 
employed with complete confidence for a reasonably 
prolonged period. 

Red Sohition. White Tablets 




-utta; 


285, BOWBAZAR STREET 

Telephones s CAL. 1159, 4975. Telegram i "BENZOIC" CAL. 





THERAPY 

OF 

NERVOUS 
DISORDERS 
★ ★ ★ 


. e HclVOUS 

Disotdeis ^cattnent 

I leitactoty agitans. 

\\ tbc VitaTO'® B 
l\ IB. Cota.) 


Other lndicn«o-> | 

^“^■'’‘''ix.testinal \l 
disoidets I 

* Cardiac 

disorders 


INDIAN HEALTH INSTITUTE 
& LABORATORY LTD. 



KLETT 

BIO-COLOiMETERS 



I! 

ii V ',•■ •», ■^■'i 

» RR 



Built on the most modern 
mechanical and optical 
principles, these Bio-Colo- 
rimeters fully meet the re- 
quirements of routine works 
as well as exacting demands 
of research. 


Sole Agents in India : 

THE SCIENTIFIC INSTRUMENT CO., LTD. 

S-A, Albert Rod, Allahabad 1 1, Esplanade East, Calcutta 

240, Hornby Road, Bombay 30, Mount Road, Madras 


Our Rubber Products 

★ FOR HOSPITALS & NURSING HOMES : 

Rubber Cloth (Hospital Sheeting), Hot Water 
Bags, Ice Bags, Air Beds, Air Pillows, Air 
Rings & Cushions, Surgical Gloves, Surgical 
Aprons, Blood Transfusion Tubes etc. 

★ FOR SCIENTIFIC & INDUSTRIAL PURPOSES ; 

Rubber Tubings, Rubber Stoppers, Pressure 
Tubings, Hose Pipes, Insertion Sheetings etc. 


Enquiries are cordially invited 

BENGAL WATERPROOF WORKS (1940) LTD. 

Factor}- & Head Office : PANIHATI, 24 PARGANAS ( BENGAL ) 


Annals of Biocliemisirq 
and Exocrimental Medicine 

Vol. IV, No. 2, 1944. 


THE STABILITY AND ABSORPTION OF THE ANTIGENS OF BACT. 
TYPHOSUM WITH SPECIAL REFERENCE TO ORAL IMMUNIZATION. 

PART II. 

S. MUKERJEE* 

From the Indian Institute for Medical Research, Calcutta. 


(Received for publication, March 29, 1944) 


In the first part of this paper (i) the effect of the various digestive processes 
on the stability of the antigens of Bact. typhosum has been recorded. In the 
second part of the paper attempts are being made mainly to study the stability and 
absorption of the antigens in the gastro-intestinal tracts of experimental animals. 


Experimental Results 

Effects of introducing typhoid antigens into the different parts of the gastro- 
intestinal tract: 

I. Stomach: Antigens of Bact. typhosum in the form of killed bacterial 
emulsion in saline were introduced into the stomach of rabbits by means of a 
catheter through buccal route after the animal had been starved for 24 hours. 
Then after a few days’ interval blood was taken for testing the formation of 
antibodies 

It may be seen from the following series of experiments that the rise in the 
titre of agglutinins in the serum of animals, after introduction of the antigens into 
the gastro-intestinal route, was comparatively slight. In order to minimise the 
experimental error and also to put definite significance on the rise in the titres, 
the sera were collected before the administration of the antigens and kept in 
refrigerator ; they were then tested for normal agglutinins along with the sera 
collected after the administration of the anrigens and their respective titres were 
recorded. 

*This work was carried out with a Fellowship under the Indian Research Fund 
Association. 



TABLE I 

Showing the effect of antigens into the stomach. 
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It will (be seen from table I that none of the animals showed any 
significant rise in titre of flagellar antibodies in its serum after the typhoid antigens 
were introduced into the stomach by means of catheter. In all of them there 
was a significant rise in titre of somatic antibodies. Furthermore, while there was 
a definite rise in Vi antibody titre in some of the animals, others did not develop 
significant titre when antigens containing potent Vi antigen were introduced. 

2. Small intestines : In this series of experiments the antigen was injected 
into the small intestine. The abdomen of the animal was opened under local 
anesthesia with procain hydrochloride. The selected part of the intestine was 
isolated. The antigen in a small volume of one or two cubic centimetre was injected 
into the lumen of the intestine by means of a syringe and a fine needle. The 
abdominal opening was then closed in the usual way. 

It will be seen from table II that when typhoid antigen was introduced 
into different parts of the small intestine, it gave rise to fairly high titre of H 
agglutinins, excepting in one case. O agglutinins were also found in all cases. 
The average titre of 0 antibodies response was higher than when the antigen was 
introduced into the stomach, although the dose was higher in the latter case. But 
none of the three rabbits which received Vi antigen into the intestine gave rise 
to Vi antibodies, while one rabbit after the administration of Vi antigen into the 
stomach gave rise to a very low Vi titre in its blood. This may be attributed to 
the comparatively low dose of antigen used in this series of experiments, while the 
number of rabbits used was only three. The comparative insensitiveness of the 
rabbits to the stimulation by Vi antigen, individual variation from rabbit to rabbit in 
antibody producing power, and the high threshold for antigenic stimulation for Vi 
antibodies may also be taken into consideration. Monkeys appeared to be more 
sensitive than rabbits to stimulation by Vi antigens administered through 
parenteral routes. 

3. Large intestines : The antigens were introduced into the lumen of colon 
by means of syringe and needle through an abdominal opening as in the case of 
experiments with small intestine. In experiments for rectal absorption of antigens, 
vaccines in comparatively bigger doses were introduced high up into the rectum by 
means of catheter. The result is given in Table III. 

It will be seen from Table III that when typhoid antigens with potent Vi, O and 
H antigens were introduced into the large intestine, either at its proximal or the 
distal end, the animals gave rise to corresponding Vi, 0 and H agglutinins. 

Sites of absorption of the antigen in the intestinal tract: 

It has been found in the previous experiments that when t3^hoid antigens 
were introduced into the proximal or the distal ends of the intestine, they were 
absorbed into the circulation and gave rise to all the three agglutinins in the 
serum of the animals. In order to test whether the different antigens of Bact. 
typhosum are absorbed from the different parts of small intestine, loops of intes- 
tines were isolated from the rest of the gastro-intestinal tracts and antigens were 
introduced into them by a syringe and needle^ If the animals developed the 
corresponding aggjutinins in their sera, it could then be inferred that sufficient 
amount of those antigens had been absorbed from the isolated parts of the intestinal 
tract. 
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Operation: — First stage. Rabbits and monkeys were used. The abdomens 
of the rabbits were opened under local anaesthesia with procain hydrochloride and on 
monkeys the operation was performed under a general anaesthesia with chloroform 
and ether. 




Second stage. 


OPERATION OF LATERAL ANASTOMOSIS AND ISOLATION 
OF A LOOP OF INTESTINES. 


Second Stage: After an interval of 15 to 20 days the abdomen of the animal 
was again opened. The loop ,of intestines was tied at both ends and the antigen 
was introduced into the lumen of the loop by a syringe and needle and the abdominal 
wound was closed wth sutures. 

In the earlier experiments, when the whole operation was performed in one 
sitting, the post-operative mortality was very high. Due to the prolonged handling 
required for the operation of lateral anaestomosis, particularly in the case of rabbits 
with delicate intestinal walls, some amount of abrasion inevitably took place in 
the intestinal mucosa, through which the antigens might have leaked into the 
circulation giving rise to false positive reactions. The possibility of this leackage 
was eliminated when operation was performed in two stages. 

After introducing the antigen into the loop of the intestines the blood of the 
animal was tested at intervals of 7 to 10 days. If the blood showed development 
of agglutinins, it could be inferred that the corresponding antigens had been 
absorbed through that part of the intestine. The result of these experiments is 
given below. It may be mentioned here that as in the previous experiments, the 
antigens were washed and resuspended in normal saline before being injected into 
the loops. The dose of the antigens was made in i cc. volume. 

It will be seen from table IV that all the three antigens of Bact. typho- 
sum are absorbed from all parts of the intestinal tract. The variation in the results 
on repetition of the experiments may be due to differences in the condition of 
the lumen and also of the intestinal walls developed as a result of operation. The 
digestive juices which would liberate the soluble antigens for their passage through 
the intestinal mucosa may be deficient as a result of injury during operation. The 
permeability and absorbing capacity of the intestinal wall might vary from rabbit 
to rabbit due to the same cause. The variation in the antibody response from 
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animal to animal must also be taken into consideration, particularly when the anti- 
genic stimulation is small owing to comparatively small doses and slow rate of 
absorption from a small and comparatively devitalised loop of the intestine. 

Functional efficacy of the Vi antibody produced by oral vaccine: 

It has been noted that the Vi antibody produced in an animal in response to 
stimulation by ‘natural’ Vi antigen (of living bacteria) gives protection against 
virulent strains of the bacterium. But when the antigen is treated by reagents 
before injection, it may sometimes give rise to 'functionally deficient’ antibodies 
(2) whose protective power is very poor. It, therefore, remained to be seen, 
whether Vi antibodies produced by injection of the Vi antigen which had under- 
gone digestion by various reagents were functionally potent or not. It has been 
shown by Topley et al (3), that the Vi antigen can stimulate functionally potent 
antibodies after proteolytic digestion by tr3rpsin. In the present series of experi- 
ments attempts were made to estimate the protective value of the Vi antibodies 
produced by Vi antigen treated with acid-pepsin, which is equivalent to digestion 
with gastric juice. 

Experimental. 

Washed saline suspension of Vi I strain of Bact. typhosum was killed with 75 
per cent alcohol. It was then centrifuged, washed with saline and resuspended 
in normal saline containing 0.2 per cent hydrochloric acid and 4% pepsin. It was 
then incubated for 2 hours at 37 °C., when the antigen was ready for injection. 
Six doses of the acid-pepsin treated antigen were injected into rabbit No. 247 
at intervals of 4 days. Antigens were fireshly prepared for each injection and 
treatment mth acid and pepsin was done immediately before injection. Ten days 
after the last dose, the rabbit was bled ; its blood showed the foUowng titre: 
Vi 640-!-, 0 640 + , H 20-. For control test, rabbit No. 256A was immunized 
with alcohol-killed suspension, washed in saline. After the administration of 
3 doses, each dose containing 1000 million organisms, the rabbit showed the titre 
of Vi 320 +, 0 320 -f. As it is known (4, 5) that Vi antibodies produced by 
alcohol treated Vi antigen possess full protective value, the serum of rabbit No. 256A 
was used as a control. 

For protection test saline emulsions of 20 hours’ living culture of Tys strain 
were used. The test dose contained in 0.5 cc. volume was injected intraperitone- 
ally. The M.L.D. of Tyj was found to be 100 x 10® in this series of experiments. 
The serum was injected subcutaneously into mice 24 hours before the injection 
of the test dose of bacteria. The result is given in Table V. 


TABLE V 

Showing the protective value of Vi antibody produced by 
acid-pepsin-treated Vi antigen. 


No. of 
Experi- 
ment. 

Serum 

No. 

Vi titre 
of Sera. 

Dose of 
Serum. 

Test dose. 

Number Number 
of survived, 

mice. 

Number 

died. 

1 . 

Nil. 


Nil. 

100x10* (1 M.L.D.) 

6 

Nil. 

6 

2. 

Nil. 


Nil. 

300x10* (3 M.L.D.) 

12 

Nil. 

12 

3. 

24/7 

640 

0.4' cc. 

300x10* (3 M.L.D.) 

12 

12 

Nil. 

4-. 

256A 

320 

0.4^ cc. 

800X10* (3 M.L.D.) 

12 

8 

4 
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It can be inferred from the above table that serum No. 247 obtained by 
immunization with acid-pepsin treated Vi antigen gave solid protection to mice 
against the living culture of the virulent Ty= strain of Bact. typhosum. It is 
obvious that the protection was not due to the low titre 0 antibodies, which have 
very little protective power against a living Vi strain.' The protective value of 
serum No. 247 also stands well when compared with that of No. 256A. Owing 
to the shortage of mice the protection tests could not be followed any further. 

Discussion 

It was observed by in-viiro tests that H antigen was quickly destroyed by 
gastric digestion, whilg it was relatively stable in the process of digestion in the 
intestinal tract. When the vaccine containing potent H antigen was introduced 
into the stomach the failure to stimulate the flagellar antibodies was due to the 
destruction of this antigen by gastric digestion, while sufficient amount of O and 
Vi antigens escaped destruction in the stomach and got absorbed through the in- 
testinal tract to give rise to a low titre of O and Vi antibodies. But when vaccines 
were introduced into the small or large intestinal tract, sufficient quantities of H, 
O and Vi antigens remained unaltered in the process of digestion and were absorb- 
ed into the circulation to stimulate definite rise in the titres of the corresponding 
antibodies. 

In absorption and stabilit}^ tests in the isolated loops of intestine and also by 
the rectal administration of antigen, it was observed that Vi, 0 and H antigens 
were absorbed from all parts of small and large intestines. But the titres of the 
agglutinins found in all these experiments were very much lower than those obtain- 
ed when comparatively small doses of the vaccine were injected into the system 
either intravenously or intramuscularly or subcutaneously. This was possibly due 
to the slow rate of absorption of the antigens and the gradual deterioration of the 
antigens in the process of digestion in the gastro-intestinal tract of which the most 
marked reaction was the destruction of H antigen in the gastric juice. Owing to 
the progressive destruction of the antigens of oral vaccine and also the slow rate 
of absorption of its unaltered antigens, the concentration of the latter in the circu- 
lation might not have reached the same level as when the antigen was injected by 
any of the parenteral routes. Consequently the antibody formation in the blood 
after administration of oral vaccines was at a much lower level. 

But if one considers the oral vaccine from the point of view of local as well 
as general immunity, it may be inferred from the results of the present experiments 
that the antigens of oral typhoid vaccines have a good chance of reaching the 
intestinal mucosa in potent form. There they may form a local tissue immunity 
in the receptive cells and also stimulate a general antibody response in the system 
of the animal by being absorbed into -the circulation through the intestinal mucous 
membrane. The different antigens of Bact. typhosum have been shown to possess 
a varying degree of susceptibility to the process of digestion throughout the gastro- 
intestinal tract. But the antigens, which give rise to the protective antibodies, 
namely, Vi and 0 antigens, when giyen by oral route are fairly stable and very 
often give rise to a comparatively low titre of corresponding antibodies in the 
blood. 

The role of bile in oral vaccine has been investigated by previous workers (6, 
7, 8). Besredka believed that bile was essential for successful immunization by 
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oral vaccines and bile helped in the absorption of antigens by causing denudation in 
the mucous membrane of the intestine. But Ray and others have demonstrated 
that bile acts by increasing the permeability of the mucous membrane of the in- 
testine and thereby helps the absorption of the antigens. In the present series of 
experiments bile was incorporated in some of the experiments, while in others bile 
was excluded. Although the action of bile was not thoroughly investigated, no 

with the antigens. 

It has also been shown by mouse-protection tests that the Vi antibodies stimu- 
lated by Vi antigen, which had been subjected to gastric digestion, retain full pro- 
tective value. Therefore the oral tjrphoid vaccines containing 0 and Vi antigens may 
be administered in liquid form with almost the same efficacy as that of vaccines in 
capsules or enterosol coated tablets. 

In the light of the present series of experiments it may be recominended that 
in all oral typhoid vaccines potent Vi antigen should alwa3's be incorporated. 

Summary 

1. Except in the case of gastric digestion of H antigen, the three antigens of 
Bact. typhosum are relatively stable in the process of digestion in tlie gastro- 
intestinal tract, although all of them are slowly and progressively destroyed in the 
digestive tract. 

2. The rate of absorption of the antigens of Bact. typhosum in unaltered form 
in the intestinal tract is very slow, although all the three antigens are inore or less 
absorbed throughout the intestinal tract. 

3. The titre of antibody formation in the blood of laboratory animals is 
consequently very low for all the three antigens. 

4. The antigens of the oral vaccines consisting of Bact. typhosuin are likely 
to reach the receptive cells of the intestines in potent form and may give rise to 
local immunity. 

5. The Vi antigen after gastric digestion can give rise to Vi antibodies, which 
are fully potent in mouse protection tests. 

6. Vi antigen should always be incorporated in all oiul typhoid vaccines. 

Grateful thanks of the author are due to his Director Dr.,J. C. Ray for his 
kind help and advice. 
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X'lTAMIN C AND CARBOHYDRATE METABOLISM. PART V. THE 
ADRENALINE AND THE ASCORBIC ACID CONTENTS OF 
THE ADRENAL GLANDS OF GUINEA-PIGS 

SACHCHIDANANDA BANERJEE* 

From the School of Tropical Medicine, Calcutta 

(Received for publication, April 3, 1911) 

In view of greatly diminished insulin content of the pancreas of the scorbutic 
guinea-pigs (i, 2) it is necessary? to investigate whether the adrenaline of the adrenal 
gland, which is also concerned in carbohydrate metabolism, is affected in any 
way in scurvy. The adrenaline and the ascorbic acid contents of adrenal glands 
have, therefore, been determined in both the normal and the scorbutic guinea-pigs. 

Of .the different chemical methods for the estimation of adrenaline the use 
of Folin’s method (3) as modified by Barker, Eastland and Evers (4) vvas found 
to be suitable. It was pointed out by Guha (5) and b}^ Birch, Harris and 
Ray (6) that Folin's tungstic acid reagent gives a blue colour with ascorbic acid 
like adrenaline. Rees(7) observed that the blue colour with Folin’s reagent is 
proportionate to the amount of ascorbic acid present and that if the ascorbic acid 
in the adrenal gland extracts was first determined by titration with 2 : 6-dichlorophenol 
indophenol and the blue colour corresponding to the amount of ascorbic acid 
present was determined on a sample of standardised ascorbic acid solution, this 
value subtracted from the total blue value of the sample gave the true adrenaline 
content of the sample. The value of adrenaline thus determined in adrenal 
gland extracts was found to correspond to that determined biologically. 
V. Euler (8) and Schild (9) also showed that no significant difference existed between 
the pressor activity and the adrenaline content determined colorimetrically in 
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adrenal gland extracts, which shows the reliability of the chemical method of Rees 
(7). In this investigation Rees’ modified method for the chemical estimation of 
adrenaline was, therefore, adopted. 


Experimental 

Guinea-pigs placed on a scorbutic diet for 22 to 25 days and guinea-pigs fed 
with normal diet for 15 days were fasted overnight and the adrenal glands were 
removed next morning after stunning the animal by a blow on the head, "the 
glands were carefully freed from the connective tissue and transferred to a weighed 
bottle containing normal saline and a few drops of 10% trichloracetic acid. The 
bottle was again weighed. The adrenaline in the glands was extracted by the method 
of Barker and Marrian (10) with trichloracetic acid. The adrenaline was determined 
in an aliquot of the extract b}? the method of Rees (7) and ascorbic acid was 
estimated in another aliquot with a standardised solution of 2: 6-dichlorophenol- 
indophenol. The results are shown in Tables I and II and the statistical analyses 
of the data are given in Table III. 


TABLE I. 

Scorbutic guinea-pigs. 


No. of 
nnimals. 

Average wt. 
per animal. 

(sO 

Wt. of pool- 
ed adrenal. 

(mg.) 

Wt. of 
adrenal per 
100 g. of 
body weight, 
(mg.) 

Ascorbic 
acid per 

1 g. of 
adrenal. 

(mg.) 

Adrenaline 
per 1 g. of 
adrenal. 

(/'g-) 

Adrenaline 
per pair of 
adrenals. 

ir-P-) 

i, 

810 

1140 

91 

0.032 

8.59 

21.5 

4 . 

374 

1120 

93 

0.038 

67.5 

189 

6 

292 

1700 

96 

0.021 

707 

200 

7 

340 

2840 

119 

0.018 

636 

2.59 

Mean 


• »» 

100 

0.03.5 

719 

... 


TABLE II. 

Normal guinea-pigs. 

No. of 
animals. 

Average wt. 
per animal. 

(g-) 

Wt. of pool- 
ed adrenal. 

(mg.) 

Wt. of 
adrenal per 
100 g. of 
body weight, 
(mg.) 

Ascorbic 
acid per 

1 g. of 
adrenal, 
(mg.) 

Adrenaline 
per 1 g. of 
adrenal. 

(/'gO 

Adrenaline 
per pair of 
adrenals. 

(/<g-) 

4 

811 

720 

57 

0.915 

502 

90 

4 

310 

860 

69 

0.782 

230 

49 

4 

237 

560 

59 

0.828 

459 

64 

4 

323 

760 

59 

1.184 

263 

50 ■ 

4 

397 

980 

62 

1.351 

815 

77 

Mean 



61.2 

1.002 

353.8 

... 
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TAIJLE III. 


Staiistical analyses. 



Wt. of adrenal 
per 100 }r. of 
body wt. (g.) 

Ascorbic acid 
per 1 g. of 
adrenal. 

(mg.) 

.Adrenaline per 

1 g. of adrenal. 

Difference of tlie means 

38.8 

0.967 

.36,'). I 

■Standard error of difference 

G.187 

0.13076 

71.66 

1 

6.2T 

7.39 

1.89 

Remarks 

Highly 

Highly 

Highly 


significant 

significant 

significant 


Discussion 

The adrenaline content is found to be significantly increased in the adrenals 
of scorbutic guinea-pigs. It is a well known fact that the two adrenal 
glands, namely, adrenal and islets of Langerhans secrete hormones, producing 
opposite glycaemic effects. Cori and Cori (ii) observed that when 0.02 mg. of 
adrenaline per 100 g. rat is injected subcutaneously blood sugar and blood lactic 
acid levels rise and liver glycogen values diminish for a short time. Cori and Cori 
(12) also showed that insulin was inhibitory to hepatic glycogenolysis. The 
lowered glucose tolerance and the lorv glycogen content of the liver of scorbutic 
guinea-pigs might, therefore, be partly due to the action of adrenaline in the absence 
of the opposing action of insulin. 

The ascorbic acid content of the adrenal glands is greatly diminished in 
scorbutic guinea-pigs. The size of the adrenal gland, however, is significant!}' 
increased in scorbutic guinea-pigs. The increase in the secretion of adrenaline is, 
however, not due only to the increase in size of glands because the adrenaline 
content per gramme of gland is also significantly increased in scurvy. 

The diminished insulin content of the pancreas of the scorbutic guinea-pigs 
is, therefore, not merely due to the lowered vitality of the tissues of the scorbutic 
animals. The relation of vitamin C to insulin secretion appears, therefore, to be 
specific in some degree. It is also interesting to note that in vitamin Bi-deficiency , 
which also affects carbohydrate metabolism, insulin is not diminished as shown 
by Best et al (13). This would further indicate some specific relation between this 
particular vitamin, ascrobic acid, and insulin synthesis in the body. 


Summary 

The adrenaline was determined chemicall}' in the extracts prepared from 
adrenal glands of both scorbutic and normal guinea-pigs. Vitamin C was also 
estimated in those extracts. 
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There is significant increase in the adrenaline content of adrenal glands of 
scorbutic guinea-pigs though the \’itamin C of the adrenal glands is grea% dimi- 
nished in scurvy as opposed to the decrease in the insulin content of the pancreas. 
The lowered glucose tolerance and the low glycogen content of the liver of scorbutic 
guinea-pigs might, therefore, be parth’ due to the action of adrenaline in the absence 
of the opposing action of insulin. 

It is suggested that the relation of vitamin C to insulin formation in the body 
is somewhat specific in nature. 
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THE EFFECT OF THERMAL TREATMENT ON THE ABSORPTION OF A 
FEW ANIMAL FATS AND HYDROGENATED GROUNDNUT OIL. 
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(Received for publication, June 2(1, 1914) 

The absorption of a few vegetable oils and the effect of thermal treatment and 
hydrogenation thereon has been reported from this laboratory. The present com- 
munication deals with the absorption of a few animal fats and hydrogenated ground- 
nut oil. 

The percentage of absorption has been evaluated by balance method. The 
composition of the diet and the method of thermal treatment of the fats were as 
already reported (i). The chemical properties and the percentage of absorption 
of the normal and thermally treated oils are given in Table I. 


TABLE I. 


Oil. 

Temp. 

C 

Sap 

Value. 

Iodine 

Value. 

Reichert 

Value. 

Percentage 

of 

absorption. 

Cow-Ghee 

Normal 

220 

85 

20 

98 


200 

220 

85 

20 

97.6 


250 

218 

33 

18.6 

97 


275' 

220 

81.5 

17.8 

93 


300 

2ie 

28.6 

16.4 

89 

Buffalo-Ghee 

Normal 

227 

29.5 

26 

95 


200 

226 

26.8 

26.2 

95 


250 

225.8 

26.6 

24.6 

94.6 


2T5 

226 

24.2 

22.7 

90.2 


300 

222 

21.5 

21.6 

87.6 

Lard 

Normal 

196 

60 


97 


200 

195.3 

61.5 


97 


250 

192 

60.8 


96.4 


275 

194 

59.6 


92 


300 

192.6 

56.8 


90.4 

Hydrogenated 

Normal 

191.5 

66.8 


97 

Groundnut oil 

200 

190 

66.8 


97 


250 

190.6 

66.0 


95.2 


_ 275 

189.6 

65.8 


93.0 


300 

187.5 

62.6 

... 

88.2 

*Lady Tata 

Memorial Scholar, 1943-44. 


• 
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Discussion. 

In the previous communication (i) it was pointed out that the decrease in the 
percentage of absorption of thermally treated oils was due to the increase of \'iscosity. 
In an attempt to ascertain whether the unsaponifiable matter from normal and 
thermally treated oils affected the rate of lipase activity, a few experiments were 
undertaken to determine the effect of adding the unsaponifiable matter to the 
incubating mixture. It was found that the unsaponifiable matter did not influence 
the rate of hydrolysis of fat. 


Summary. 

The percentage of absorption of a few animal fats and hydrogenated groundnut 
oil and the effect of thermal treatment on absorption and chemical properties of the 
above oils has been reported. 

My thanks are due to Dr. B. B. Sircar and Mr. P. B. Sen of the Dept, of 
Physiology for their kind interest and to the Lady Tata Memorial Trust for a per- 
sonal grant. My thanks are also due to Messrs. H. V. M. & Co., Bombay for the 
supply of hydrogenated oUs. 
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The influence of ascorbic acid on the phosphatase activity has been the subject 
of many interesting studies. In infantile scurvy the serum phosphatase is reduced 
and rises after the administration of ascorbic acid (i). Alkaline serum phosphatase 
activity has been shown to be diminished in guinea-pigs, receiving a scorbutogenic 
diet. It has also been demonstrated that supplements of ascorbic acid to the diet 
produce an increase in phosphatase activity (2). 

It was believed that in experimental and natural scurvy there was no quanti- 
tative diminution of phosphatase and that ascorbic acid in some way activates the 
phosphatase system (3). This belief was, however, discarded when it was shown b}/ 
King and Delory (4) that the hydrolysis of the phosphoric esters commonly used 
for phosphatase determination by serum phosphatase was not influenced by ascorbic 
acid in vitro ; though in vivo experiments it has been found that withdrawal of 
ascorbic acid from the diet results in a lowering of serum alkaline phosphatase 
activity (5). 


Lady Tata Memorial Scholar. 

3 
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The investigation under report was undertaken in an attempt to study the 
behaviour of alkaline phosphatase of different tissues of the same animal in experi- 
mental scurvy. 


Experimental. 

Two groups of healthy and normal guinea-pigs weighing 240-265 g. in weight 
have been used. The^ first group was fed on green grass and germinated gram 
while the second was kept on a scorbutic diet (6). Symptoms of scurvy invariably 
appeared after 18-24 < 3 ays and at autopsy extensive haemorrhages and fragility of 
bones were always observed. 

The alkaline phosphatase activity of the following tissues has been studied: 
serum, bone, intestine, kidney, liver, brain and adrenal. Blood for serum estima- 
tion was obtained by cardiac puncture. The extraction of the enzymes from the 
different tissues and the method for the determination of phosphatase activity has 
been described before (y). 


Results. 

The phosphatase activity of the tissues of normal and scorbutic animals are 
given in Table I. Figures indicate average values for 10-12 animals. 

Activity has been expressed in mg of inorganic phosphorus liberated in 1.25 
hours per g. of wet tissues and in case of serum per cc. 

TABLE I. 



Normal. 

Scorbutic. 

Fall in activity. 

Serum 

0.202 

0.033 

83% 

Bone 

1.G8 

0.47 

72% 

Intestine 

8.81 

8.86 

12% 

Kidney 

e.05 

4.84 

20% 

Liver 

0.260 

0.228 

18% 

Brain 

0.560 

0.500 

10% 

Adrenal 

1.84 

1.18 

12% 
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Discussion. 

The phosphatase activity of the different tissues is reduced in scorbutic condi- 
tion. The degree of decrease is maximum in case of serum and bone, 83% and 72% 
respectively. The reduction in all other cases is practically of the same order. The 
figures in each case are the averages of 10-12 determinations, and it was noted that 
whereas in serum and bone, the degree of reduction of the enzymic activity varied 
between 69-90% below normal, the phosphatase activity of the other tissues were 
in some cases not far below normal. 


We have previously noted (7) that the response of bone phosphatase to the 
different dietary factors has a qualitative similarity to that of serum and it is 
interesting to find that in scorbutic condition the reduction in phosphatase activity 
of these two tissues is practically same. It has been suggested by some authors 
(8) that bone is the source of serum phosphatase while according to others (9) 
phosphatase activity of serum is due to the leakage of the enz}mie from tissues like 
bone, kidney, intestine etc. We found in connection with our studies on the response 
of phosphatases of different tissues to dietarj'’ factors after starvation (7), that while 
the response of serum and bone phosphatases was qualitatively similar to a single 
dietarj' factor the response of serum phosphatase to a mixture of protein, fat and 
carbohydrate cannot be explained by the simple assumption that serum phosphatase 
is of osseous origin. We are of opinion that serum phosphatase is of diverse 
origin. 


■ While ascorbic acid plays such an important part in regulating the phosphatase 
activity of serum and bone, its influence on the other tissue phosphatases, if 
present, seems to be very slight. 


Summary 

Phosphatase activity of different tissues in normal and scorbutic conditions has 
been studied. 


Serum and bone phosphatase activity is markedly lowered in scurvy, while 
that of the other tissues is affected very slightly. The origin of serum phosphatase 
has been discussed. 


My thanks are due to Dr. B. B. Sircar and Mr. P. B. Sen of the Dept, of 
Physiology for their interest and encouragement and to the Lady Tata Memorial 
Trust for a personal grant. 
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The purification of choline-esterase was first attempted hy 
collaborators from serum (i, 2) and later by Nachmansohn and Ledeser (3, 4)^ 
electric organ of Torpedo Vulgaris in artificial sea-water. j) recenj 

obtained a preparation of choline-esterase from semm 
Very recently Mendel et al (6, 7) report that they ave ^ 
quantity of a specific enzyme, choline-esterase, from re 0 

twenty times more active than the preparation obtame y ® ^ beyond the 

paper! however, does not contain any data or details of the ^ 2 "tZMe Tirom 
statement recorded above ; but no attempt has yet been ^ade to isolated to ^ 

the venoms of snakes which contain an apprecia e j pj-edpitation with 

previous workers (x. z) proceeded to purify 

ammonium sulphate and finally subjected *e pro uc medium followed 

of either aluminium hydroxide or feme hydroxi c - ^ phosphate buffer 

by elution with dilute ammonium hydroxide an , i;„g esterase has got little 

of PH 8.0. This final product containing the punfied cholme-esterase has g 

action on methyl bufyrate and tributynn. 
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Measurement of Activity of Choline-esterase : 

Different methods have been emplo3'ed by different workers for the estimation 
of activity of choline-esterase (8, 9, 10, ii, 12). The choline-esterase activity has 
been estimated by the author in snake venoms taking advantage of the different 
bucer solutions to maintain a constant pH. The results obtained are in agreement 
with those obtained by the micromethod using Warburg's apparatus. From this 
it can be inferred that the buffer solutions in the concentration used in these experi- 
ments have no effect on the activity of choline-esterase. The acid liberated is 
titrated with N / 100 potassium hydroxide solution in water kept protected from the 
atmosphere in an atmosphere of nitrogen. pH of the reaction mixture is maintained 
at 7.4 unless otherwise mentioned. The advantage is that the non-enzymatic hydro- 
lysis at this hydrogen ion concentration is negligible while at the optimum pH of 
8.4 found for this enzyme, this non-enz3unic hydrolysis is appreciable. Further the 
advantages of this procedure involving the use of buffers over others are many. 
Firstly tihere is no necessity of adding the indicator at the beginning which inhibits 
the enzyme action if the indicator is prepared b}' dissolving in alcohol. Secondly 
it does not require the tedious procedure of continuous titration matching against 
solution of definite ^H. Thirdly wider pH ranges are available for the estimation 
of activity. 


Unit of Choline-esterase in Crude Venom : 

The previous workers (2) have not clearly defined the unit of choline-esterase 
obtained from different sources. Their results were generally given on a com- 
parative basis depending upon the weight of the substances whose choline-esterase 
activity was measured by titrating the acid liberated with sodium hydroxide under 
definite conditions. To express the results more clearly a term "weight number” 
has been introduced by them which is defined as the number of cc. of 0.02N sodium 
hydroxide required to neutralise the butyric acid liberated at 30° from butyl choline 
(used as substrate) in 20 minutes at 7.4 by the choline-esterase associated with 

1 g. of the solid material. The amount of the substrate is 0.25 g. per experiment 
in a total volume of about loi cc. The author has also followed the same proce- 
dure with some modifications. That amount of cobra venom is taken as equivalent 
to one unit which hydrolyses in 10 minutes at 37'’C 3.97 mg. of acetyl choline chloride 
at 7.4 in a total volume of 5 cc. consisting of 2.5 cc of 1% acetyl choline 
chloride in normal saline, 2 cc. of phosphate buffer of pH 7.4 and 0.5 cc, venom 
solution in physiological saline. The acid liberated in this process is equivalent to 

2 cc. of N/ioo potassium hydroxide. A stream of nitrogen is allowed to pass 
through the reaction mixture during the titration. It has been found that the rate 
of hydrolysis is uniform throughout the period of observation, under these condi- 
tions. The indicator used is 0.5% phenolphthalein. Units of different venoms 
found out by this method are represented in the table below ; 
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TABLE I. 

Cholitte-eslcrase activity of different venoms. 

Temp. Jir’C Strength of KOH .sol. used loO. 

/>H 7.-1 

Incubation period — 10 minutes 

Substrate concentration— 0.5% acetyl choline chloride. 


Type of venom. 

.•tniount of 
alkali 
required. 

Mg. of acetyl- 
clioline cliloride 
hydrolysed. 

Mg. of venom 
equivalent to Unit contain- 

one unit of ed in one 

choline-estern.se gm. 

activity. 

iVfljn Tripudians 

2.00 cc. 

3.97 

1.0 

1000 

(Var. monoccUatc) 
Naja 2'ripxidians 

2.00 c.c. 

8.97 

I.O 

1000 

(Var. biuoccllatc) 
Butigorus Fasciatus 

2.00 cc. 

3.97 

1.1 

909 


Determination of Protein : Nitrogen is estimated by the semi-micro Kjeldahl 
method and the protein ultimately determined by multiptying the nitrogen value 
by the factor 6.25. The non-protein nitrogen in a solution containing the protein 
mater is estimated in the supernatant solution obtained after the protein is 
precipitated with a mixture of i cc. of 10% sodium tungstate and i cc. of 2/3N 
sulphuric acid per 10 cc, of the protein solution. After deducting the non-protein 
nitrogen from the total nitrogen, the protein nitrogen is obtained. 

The determination of is performed with the help of B.D.H. Capillator set 
unless othenvise mentioned. 


Isolation of choline-esterase from the venom of Naja Tripudians {Var. monocellate). 

Two grams of the venom are dissolved in 100 cc, distilled water which is 
adjusted at 6.0. To this solution is gradually added with conjant stirring 
22 g. solid sodium sulphate (anhydrous). The mixture is maintained at 35 -or 
15 minutes and the precipitate is filtered off by means of No. 50 
paper. The precipitate is dissolved in 100 cc. of distilled water an 0 P 
of precipitation repeated twice. The final precipitate contains the major ° 
of the choline-esterase, most of the foreign proteins associated wit ® ® wafer 

having been eliminated. This precipitate is dissolved in 40 ° 'rnmnninm 

adjusted at 6.0 and treated with 60 cc. of a saturated solution of ammomu 
sulphate with stirring. The mixture which thus becomes 0.6 times ^ 

ammonium sulphate is kept at 0° for 30 minutes. The precipitate is 

suction using No. 50 Whatmann filter ® ^th^ adjusted at 

preceding stage is again dissolved in 40 cc. of distilled > with con- 

4.0. and treated with 26 cc. of a saturated ammonium sulphate solutjo 
ataut shaking. The mixture is then kept at o" for 30 mmules 
Ui filtered off. The filtrate which contains ^ n,„„,„„i„m 

IS again precipitated with the addition of 34 cc. of a 
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sulphate which is again placed at o° for 30 minutes. The precipitate is filtered, 
dissolved again in 10 cc.- of distilled water adjusted at 6.0, and cooled to 0°. 
5 Cc. of the saturated solution of ammonium sulphate are then gradually added 
to it when a faint permanent turbidity appears. The mixture is then maintained 
at 0° for four hours after which the precipitate is separated by centrifuging. Weight 
for weight the activity of this preparation is about 20 times that of the crude venom 
with which the author started. Although the protein choline-esterase is not ob- 
tained in a homogeneous crystalline form nevertheless there is reason to believe 
that the enzyme obtained according to the above procedure is almost completely 
free from other active principles and foreign matters present in the cobra venom. 


Isolation of Choline-esterase from the V-enom of Naja Tripudians {Var binocellate). 

By adopting the above procedure in the case of the venom of Naja Tripudians 
(Var. binocellate) the choline-esterase preparation attained practically the same 
degree of purity as was observed in the case of the venom of the monocellate variety. 
Weight for weight the purified product is 19.5 times more active than the original 
crude venom. 


Isolation of Choline-esterase from the Venom of B. Fasciaius. 

The peculiarity of the venom belonging to this class of snakes is that although 
the activity of the choline-esterase in this venom is practically equal to that in the 
venom of the monocellate variety of Naja Tripudians yet the purity attained is of 
a lower order. The final product obtained by adopting the procedure described 
already is weight for weight only ii times more active than the crude venom of 
B. Fasciatus. 


Removal of Electrolytes from Choline-esterase. 

The precipitate finally obtained by adopting the procedure described already 
contains besides choline-esterase considerable amount of electrolytes. To remove 
these the precipitate is dissolved in distilled water and dialysed in a fine cellophane 
bag of grade No. 100 against distilled water saturated with chloroform. The 
chloroform-saturated water is used for the purpose of keeping the enzyme solution 
in sterile condition. The temperature of the dialysing arrangement is maintained 
at 8° inside a refrigerator. The flow of water is made continuous with the object 
of getting rid of the salts within a short time. The presence of the salts in the 
dialysate is tested frequently and when the dialysate becomes completely free from 
salts the protein solution is withdrawn from the cellophane bag and freed from 
insoluble matters by centrifuging. The solution is then dried in a vacuum desi- 
ccator over fused calcium chloride. The solid choline-esterase thus obtained is dis- 
solved in redistilled water and tested for the presence of salt by means of silver 
nitrate, barium chloride and Nessler's solution but no indication of chloride, sul- 
phate and ammonium ions is found. This salt-free choline-esterase from the venom 
of the monocellate variety of Naja Tripudians has been used in the subsequent 
e.xperiments unless otherwise mentioned. 
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TABLE 11. 


A coviparadve study of purification of the Choline-esterase 
from the different Venoms. 


Substance. 

Per cent of 
protein. 

Per cent of 
activitj'. 

Purification elloeted 
with respect to the 
crude senom. 

Naja Tnpvdians venom 
(Var monoccllatc) 

91. .'>6 



Naja Tripudians venom 
(Var hinocellatc) 

90.30 



fiaiiffariis FasciaUis venom 

93.81 

... 

19.7 limes. 

Clioline-esterase 

(from ^^ 0 lwcel^ate variety) 

1.11 

24 

Choline-esterase 

(from Jiinoccllatc variety) 

1.20 

26 

19.3 times. 

Gliolinc-esterase 
(from B. Fasciatus) 

2.30 

27 

11.0 times. 


table hi. 

Comparative figures expressed in mg. for the Choline-esterase activity in the 
purified products obtained from different sources. 


Sources. 

Unit of choline- 
esterase (purified). 

Units of choline- 
esterase contained 
in one gm. 

Naja Tripudians venom 

0.0508 mg. 

19,683 

(N'or. nionoccllate) 

Naja Tripudians venom 

0.0513 mg. 

19,493 

(Var. binocellatc) 

Uim.f/ariis Fasciatus venom 

0.1000 mg. 

10,000 


TABLE IV. 


Activity and protein-content of Choline-esterase at various stages in its punfcahon. 


iintcrial. 


Protein. 


Clioline- 

esternsc 

nctivitj’. 


Cnule cobra (vnr. monoeellate) venom : 

I. Precipitate from 22% Nn^SO^ 

II. Precipitate from 22% Na^SO^ 

III. Precipitate from 22% Na^SOj 

IV. Precipitate from 0.6 saturation with (NHAjSO, 

V. Filtrate after precipitation witli 24 cc. 

of saturated (NHJ.SO^ 

VI. Precipitate by adding 36 cc. of saturated 

(NH,),SO. to the filtrate 

VII. Precipitate from saturation with (NH,)!* ^ 


91.56% 

100% 

41.13 

100 

21.78 

96..1 

11.91 

83.3 

7.91 


8.67 

31.0 

1.94 

.33.4 

1.11 

21.0 


4 
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Comparative figures of purification of Choline-esterase obtained by different workers 
starting from different sources : ' 

Stedman et al (2) purified the enzyme choline-esterase from normal horse 
serum whose "weight number” was 100 cc. using butylcholine bromide as sub- 
strate. The actual estimation of its activity was made in the following way; To 
100 cc. of carbon-dioxide-free water was added i cc. of 25% butylcholine bromide 
and 0.25 cc. of the enzyme solution at 7.4, the temperature being maintained at 
30°. As already mentioned the continuous titration method was followed for 
measuring the activity. The activity was determined after 20 minutes from the 
start by titration with 0.02N sodium hydroxide. The activity of choline-esterase 
was also measured by them under the above conditions with acetylcholine chloride 
as substrate. It was found that under these conditions the hydrolysis proceeds with 
uniform speed throughout the period of observation. With the object of correlating 
the rates of hydrolysis using butylcholine bromide (B.C.B.) and acetylcholine 
chloride (A.C.C.) under the above experimental conditions, some of the comparative 
data of the previous workers using both the substrates for the same sample of the 
enzyme are tabulated below ; 


TABLE V. 

Strength of alkali =o.02N sodium hydroxide. 

Temperature 80° Incubation time ... 20 minutes. 

Substrate concentration ... 0.217% 

Amount of alkali reqd. using 

Source of Amount of ; 


serum. 

serum used. 

B.C.B. as 
substrate. 

A.C.C. as 
substrate. 

B.C.B./ 

A.C.C. 

Monkey 

0.25 cc. 

8.80 cc. 

8.45 cc. 

2.55 

Horse 

0.25 cc. 

5.45 cc. 

2.00 cc. 

2,73 

Guinea-pig 

0.25 cc. 

3.75 cc. 

1.35 cc. 

2.77 

Mean 

... 

... 


2.68 


The choline-esterase activity in cobra venom has been determined using 
acetylcholine chloride as substrate in presence of buffers mentioned beforehand. 
Butylcholine bromide was not available. With the object of comparing the data 
of the present author with those of the former workers, the choline-esterase activity 
has been estimated under the conditions of Stedman et al using acetylcholine 
chloride as substrate. To 100 cc. of carbon dioxide-free water is added i cc. of 
25% acetylcholine chloride and 0.25 cc. of cobra venom containing 0.5 mg. at pB. 
7.4, the temperature being maintained at 30°. With this concentration of the 
substrate the rate of hydrolysis is found to be uniform during the period of observa- 
tion. Under these experimental conditions the data obtained for different venoms 
are tabulated below: 
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TABLE VI. 

Strength of alkali = 0.02Af sodium hydroxide. 


Temperature .. 
pH 

. 3(1“ Incubation time 

7.4 .Substrate concentration 

... 20 minutes. 

0.247% 



Amount 

of alkali required using 

Source of 

\ mount of 


Calculated saluo 

xrnom. 

senom used. 

\.C.C. as 
biibstrate. 

if B.C.B. was 
used as 
substrate. 

Naja Tripudians 
(Var vwnoccllatc) 

0.20 mg. 

0..50 cc. 

1.34 cc. 

Naja Tripudians 
(Vnr binoccUalc) 

0.20 mg. 

0.50 cc. 

1..74 cc. 

B. Fasciafus 

0.20 mg. 

0.455 cc. 

1.22 cc. 


The data under the column B.C.B. as substrate are obtained by multiplying 
the corresponding data under A.C.A. as substrate by 2.68, which follows from 
Table V. 


The former workers (2) obtained in the final stage, a preparation of the enzyme 
choline-esterase from serum whose "weight number’’ was 5847- The weight 
numbers’’ for different venoms as well as those for the pure enz5mie isolated from 
these venoms, calculated on the basis of 0.247% concentration of butylcholine 
bromide as subsrate, are recorded in Table VII for the comparison of the degree 
of purification attained in the different cases. 


T.tBLE VII 

Strength of alkali = o.02N Sodium hydroxide. 


Soiir-'C of cliolinp-csloM'se. 


“Weight miinber’’ 
on tlie starting 


matcriai. 


“Weight number’’ 
of the pure 
en/.yme. 


A’nja Tripudians venom 
(Var monoccllate) 

Naja Tripuilians aonom 
(Var hinoccUate) 

B. Fatciatvs 
Normal horse serum 


6321 

6:!21 

5746 

100 


124, .521 
12.7,260 
63,210 

5,647 (Final purification 
attained by Sted- 
man et al). 


From Table VII is evident that the enzyme “ ^^1 IiotS 

venom is about 64 times more concentrated than that presen m enzyme 

serum. It will also be noticed that in the final stage of f^u^ 

isolated by the present author from cobra venom is, weight fo g . 
times more active than the sample prepared by the previous wo 

Cataphoresis of Choline-esterase isolated from the venom of Naja Tripudta 

(var. jnonocellate). 

With a view to ascertaining if further punfication of the 

cataphoresis in an electric field has been invesbgated. A ^ 
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enzyme is mixed with i cc. of a buffer solution in a total volume of lo cc. so that 
the final concentration is' 0.3%. The buffers used in this experiment are phthalate, 
phosphate and borate according to Sorensen. The experiments are carried out at 
pR 2. 2, 3. 5, 7.6 and 9.0. 

The apparatus consists of a three-chambered glass vessel as shown in Fig. i. 
The middle chamber M is separated from the two side chambers B and A by 
membranes of cellophate No. 400 which allow the enzyme to pass through. 
The buffered solution of the enzyme (15 cc.) is placed in one of the side chambers 
while the diluted buffer is 'placed -in each of the remaining chambers. The two 
side chambers are kept in electrical communication by means of two agar bridges, 
with copper sulphate solution contained in two beakers. Two copper electrodes 
are immersed in the hvo beakers containing the copper sulphate solution. One of 
the electrodes is connected to the -positive pole of the 220 volt lighting circuit 
through a milliammeter while the other with the negative pole through a ke^^ 
The whole arrangement is made in such a way that experiments can be conducted 
inside a refrigerator maintained at 8°. This precaution is taken to pre\'ent the 
destruction of the enzyme by heat developed during the passage of electric current. 



It is to be noted here that at 2.2 and 3.5, the enzyme solution should be kept 
in the anodic chamber while at 7.6 and 9.0, the same should be placed in the 
cathodic chamber. After the passage of 432 coulombs of electricity through the 
cell extending over a period of six hours, the contents of the middle and extreme 
chambers such as M and B are separately examined quantitatively for the enzymic 
activity and protein contents. The results obtained are tabulated below; 

TABLE VIII. 

Protein content in Units of choline- Units of choline-csteras'c 

mg. in cliumbers. esterase in per mg. of protein' in 

pll chnmhers. |•hambers. - , - 



M 

]} 

ill 

B 

JU 

B 

2.2 

3.01 

7.91 

59 

150 

19.9 

19.7 

8.5 

- 2.80 

6.10 

45 

121 

19.6 

19.8 

7.6 

1.98 

5.31 

38 

104 

19.6 

. 19.2 

9.0 

2.57 

6.10 

51 

121 

19.8 

19.8 
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Adsorption and Elution of pure Choline-esterase. 

As already mentioned, Stedman et al (2) attempted to purify choline-esterase 
by adsorblhg it on the surfaces of different suspensions followed by elution ; but 
the results finalU^ obtained by them were not very encouraging. With the same 
object in view, 200 units of pure choline-esterase isolated from crude cobra venom 
are subjected to adsorption by silica, kaolin and ferric h3'droxide, 10 cc. of suspen- 
sion of each of the adsorbents being used in a total volume of 15 cc. Four such 
reaction mixtures are then kept read}' in different tightly stoppered Jena bottles of 
25 cc. capacity. These are respectively adjusted to different such as 2.8, 4.5, 
7-6 and 9.4. These bottles containing the solution are shaken mechanically for 
30 minutes and the suspension is then separated by centrifuging. The deposit is 
treated with 10 cc. of o.ioil/ phosphate buffer of 8.0 and shaken for one hour 
for elution. The solid matter is centrifuged off and the supernatant liquid, which 
is freed from foreign ions by dialysis, tested for choline-esterase activity and the 
protein content b}' the usual procedures. The dry solid matter in each of the 
suspensions used is 100 mg. per 10 cc. The results obtained in each case are 
tabulated below and the}' show that the further purification of the choline-esterase 
preparation used is not possible by this procedure . 


TABLE IX. 

Absorbent used — Silica suspension. 


pH- 

Units of flioline-esterase. 

Total protein in 
mg. in the elute. 

Units of choline- 
esterase per mg. 
of protein. 

Amount taken. 

Amount eluted. 

2.8 

200 

67 

3.39 

19.8 

4.5 

200 

58 

2.91 

19.7 

7.6 

200 

34 

1.72 

19.8 

9.4 

200 

31 

1.57 

19.8 



TABLE X. 




Absorbent used — Kaolin suspension. 



Tinits of cholinc-csterasc. 

Total protein in 

Units of choline- 




mg. in the elute. 

esterase per mg. 

pn 

Amount taken. 

Amount eluted. 


of protein. 

2.8 

200 

56 

2.8.3 

19.8 


200 

•18 

2.13 

19. b 

7.6 

200 

29 

1.15 

20.0 

9.4 

200 

26 

1.31 

19.9 


TABLE XI. 

Absorbent used— Ferric hydroxide suspension. 


Units of cholinc-csterasc. 


Total protein in 


Units of cliolinc- 
osterasc per mp. 


pH 

Amount taken. 

Amount eluted. 


of protein. 

2.8 

4.5 

7.6 

9.4 

200 

200 

200 

200 

81 

73 

52 

46 

4.10 

3.70 

2.61 

2.30 

19.8 

19.8 

19.9 

20.0 
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Suvtittary and Discussion. 

The samples of choline-esterase isolated from the two varieties of Naja 
Tripudians have been purified to such an extent that weight for weight it is about 
tw'enty times more active than the starting materials, while that isolated from 
Bungarus Fasciatus venom is weight for weight about eleven-times more active 
than the crude venom. The degree of purification is practical!}' one-half of what 
is attained in the case of the venoms of the Naja Tripudians. This may be due to 
the difficult nature of the proteins associated with choline-esterase in the venom of 
B. Fasciatus. 

As further purification of choline-esterase isolated from the venom of Naja 
Tripudians (Var monocellate) is not possible by means of cataphoretic experiment, 
it may be supposed that the choline-esterase obtained in the above procedure is a 
pure sustance. Another additional evidence of its purity may be furnished from 
the results obtained from the adsorption and elution experiments. These experi- 
mental data also show that no further purification is possible. It may be mentioned 
here that this enzyme isolated from cobra venom is, weight for weight, 22 times 
more active than that isolated b}' Stedman et al {loc. cit.) from serum. 

My grateful thanks are due to Dr. B. N. Ghosh, D. Sc. (Lond.), for his keen 
interest and advice during the progress of the work. I would also thank the 
authorities of the Bengal Immunity Co., Ltd., for the grant of a research 
scholarship. 
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It was, therefore, logical to believe that if cancer susceptibility was related to 
liver metabolism homozigous starins of mice having varying degree of susceptibility 
to spontaneous tumours would show some variations in their liver metabolism. 
Thus Figg and others (5) found the xanthine-oxidase activity of livers of certain 
strains of mice susceptible to carcinoma of the mammary gland (C3H) was far less- 
than that of the other resistant strain (JK). Khanolkar and Chitre (6) and 
Chitre and Khanolkar (7), from their studies on blood, liver, and excretion of 
esterase in cancer-susceptible (C3H and A) and cancer-resistant strain (C57), 
suggested that probably the liver metabolism differed in these two types of strains. 
An investigation in this direction was thought worth pursuing and to start with the 
estimation of nicotinic acid, riboflavin, vitamin C and glutathione content of livers 
of such animals was undertaken. 


Experimental 

Material — ^During the investigation three inbred strains of mice having varying 
susceptibility of spontaneous mammary cancer w'ere used, (i) Strain C57 is highly 
resistant to cancer and the incidence of spontaneous mammary cancer is reported to 
be as low as 1% (Andervont, 8). (ti) Strain C3H is highly susceptible to spontaneous 
breast tumours. In this strain both breeding and non-breeding females develop the 
spontaneous tumour to the extent of 95 to 100%. {Hi) Strain A is such that 
breeding females develop the tumours to the extent of 80 to 85% while the incidence 
in vir^ns is only 4.5% (Andervont et al, 9). . 

■The animals were getting a balanced iood in the form bf dried pellets used at 
this hospital for the last three years. In addition to pellets the mice received fresh 
vegetables and fresh whole milk about 2cc. per mouse every day. The water was 
given ad lib. The young animals were allowed to wean after four weeks. The 
males and females were kept in separate cages. When the mice were between 6 
and 8 months old they were sacrificed under . chloroform anesthesia. The livers 
were immediately removed and weighed. The above estimations were made on 
aliquot positions by the methods given below. 

Methods. — (a) Determination of Nicotinic acid'. The method of estimation is 
as below : (i) The hydrolysis and extraction of the acid by 2^-1101. (ii) Adjust- 
ment of by sodium hydroxide to 6.5-7. (”0 Subsequent separation of 

coagulating material and colorimetric estimation by using cyanogen bromide and 
aniline hydrochloride as the reagents. • 

A sample of liver tissue weighing about 0.5-0.6 g. was accurately weighed in 
a weighing bottle. The sample was taken up in a glass mortar and triturated with 
fine glass powder. The mixture was transferred to a pyrex text tube using small 
amounts of distilled water for washing. The total volume of such suspension was 
made to 8cc. and 2cc. of hydrochloric acid (cone.) were added. It was then heated 
to slow boiling for about 30 minutes under reflux' to^ avoid loss by evaporation. 
The contents of the tube were removed to a 15 cc. centrifuge tube. The test tube 
was washed with small portions of distilled water and the washings were added to 
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the original solution. It was then centrifuged for lo minutes at 3000 R.P.M. and 
the supernatant liquid was carefully separated. The pE. of this solution was' adjusted 
to 6.5-7 t)y means of sodium hydroxide and slightly warmed. Small amount of 
precipitate which separated out was filtered off through a wet filter paper. The 
clear filtrate corresponding to 0.2 gm. of the tissue was used for colorimetric esti- 
mation. 

The above aliquot filtrate was kept in water-bath maintained at 70° for a few 
minutes. 2 Cc. of cyanogen bromide were added to it and the contents were well 
mixed. The tube was allowed to stand in water-bath for further few minutes and 
then rapidly cooled under tap water. 2 Cc. of aniline hydrochloride (10%) were 
then added and the development of colour was allowed to take place in dark for 
further 5 minutes. Intensity of the colour was then measured on Pfaltz-Bauer 
fluoro-photometer using filter combination having peak at 4500 A. The quantity 
of nicotinic acid was calculated from the reference graph drawn under similar 
conditions with pure nicotinic acid. (6) Fluorometric estimation of riboflavin : 
Sample of tissue (0.8-1 g.) was weighed out accurately and ground in a mortar with 
small amount of glass powder. The mass was transferred to a test tube with the 
addition of 20 cc. of 0.3% pepsin solution in N jzo HCl. Few drops of toluene 
were added as a preservative and the mixture was incubated at 37° for 24 hours. 
It was then slightly warmed and centrifuged. The supernatant liquid was poured 
out carefully. 0.5 Cc. of 3% potassium permanganate was added and shaken 
vigorously. The excess of permanganate was decolorised by adding hydrogen 
peroxide drop by drop. To the mixture was then added i cc. of 40% trichloroacetic 
acid and turbidity that resulted was removed by filtration. The volume of the final 
filtrate was noted. Estimation of riboflavin was done by measuring the fluorosence 
of the solution on Pfaltz-Bauer fluorophotometer using filter combination of blue, 
orange and yellow filters having peak at 4400 A. The blank reading was obtained 
by destroying the riboflavin by exposure to sunlight for 10 hours. From these 
readings the riboflavin content was found by referring to a reference graph plotted 
by using pure riboflavin. 

(c) Estimation of ascorbic acid : The method followed during the course of 
the investigation was based on that described by Mindlin and Butler (10). 2.5% 

Sulphosalycilic acid was however used instead of metaphosphoric acid, as the latter 
was not available in large amounts needed for the experiment. About 0.5 g. of 
tissue was titurated and the final volume was made up to 15 cc. of 2.5% acid and 
filtered. Aliquot parts of the filtrate were used for the estimation of ascorbic acid 
and glutathione. ^ 

The indicator, 2 : 6-dichlorophenol-indophenoI, was prepared by dissolving i 
tablet of B.D.H. tabloid preparation in 100 cc. of distilled water. At the time of 
measuring the reduction of dye on Pfallz-Bauer fluorophotometer 4 cc. of the dye 
and 2 cc. of the unknown protein-free filtrate were used. Dye blank was taken by 
using 2 cc. of 2.5% sulphosalycilic acid instead of the unknown solution. Reagent 
blank was taken by decolorizing the above solution by ascorbic acid to make the 
necessary correction for impurities. Ascorbic acid was found by referring to a 
reference graph drawn by plotting the {log Gs.-log Gb.) against the percentage of 
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but the findings do not suggest any definite relationship between the susceptibility 
of the strains to spontaneous breast cancer and the various contents of the liver. It 
is however too early to draw any conclusion as to the interrelation between the liver 
metabolism and cancer susceptibility in mice on the basis of such investigations in 
which only few factors have been studied. It may be probable that the factors 
studied here may be of secondary importance and may not give any direct indica- 
tion as to the relation between the susceptibility of the strain to the spontaneous 
tumours and their liver metabolism. Further investigations are, therefore, essential 
to throw more light on this aspect of the problem. 


REFER RNCKS 

1. Des Ligneius (1910), Am. J. Cancer. 39: ■169. 

2. ICeeineniiehg, Neufacii and Shaiiad (1910), J. Cniiror., 39; -ic;!. 

3. Ni.UEACH and Siiaiud (1938), Rill/. Biol, et Med. K.rjicr., G: 239. 

‘1. Seele, Bhindeev and Spies (1941), Cancer Research., 1; «18. 

а. Figg and Strong (1941), Cancer Rsscarch., 1 : 779. 

б. Kiianoekar and CniTRE (1912), Cancer Research., 1; .3G7. 

7. CniTRK AND Kiianoekar (1943), Cancer Research., 1: 88. 

8. Andervont (1938), Puh. Health. Rep., 53* 165G. 

9. Andervont and MeEleney (1937), Pnb. Health Rep., 62; 772. 

10. Mindein and Buteer (1937-38), J. Biol. Chem., 122; C73. 

11. Woodward .and Fry (1932), J. Biol. Chem., 97: 4G5. 

12. Kknnaway, Kennaway and Warren (191-1.), Cancer Research., 4: 245, 



Products of Bathgate^ s Laboratories 


C ARB ARSON E : Capsules and Tablets 
in bottles of 20. 

SULPHARSPHEN AMINE : Tested 

both chemically and biologically to conform 
to the International Standard. 

Issued in the following strengths : 6, 12, 18, 
24, 30, 36, 42, 48, 54 and 60 centigrammes. 

CARBANTIM : The carbamide deriva- 
tive oE /5-amino-phenyl-stibinic acid for 
intravenous injection in Kala-azar. 

Ampoules of 0.025, 0.05, 0.1, 0.15 and 
0.2 gm. 

CHINIOFON B.P. ( Yatren ) Powder 

and solution. 


BATHGATE & CO. 

CHEMISTS, 

CALCUTTA 





THE SCIENTIFIC 
INDIAN GLASS 
COMPANY, LIMITED. 


6 , 


CHURCH LANE, 



Annals of Biochemistrg 
and Experimental Medicine 

Volume III, 1943 


Edited by 

P. K. Bose B. N. Ghosh B. C. Guha J. C. Ray 

IN CONJUNCTION WITH 

B.AHMAD-Lahore, R.AHMED-Calcutta, K.N.BAGCHI-Calcutta, K.P.BASU-Dacca, 

J. C.BANERJEA-Calcutta, N.M.BASU-Calcutta, D.CHAKRAVARTI-Calcutta, 

M.DAMODARAN-Madras, N.B.DAS-Muktesar, M.N.DE-Calcutta, J.C.GHOSH-Bangalore, 
S.GHOSH-Calcutta,K.V.GIRI-Waltair,R.E.HEILIG-Mysore,P.KUTUMBIA-Vizagapatam. 
JIVRAJ MEHTA-Bombay, S.C.NEOGY-Calcutta, M.L.SCHROFF-Benares, 

K. C.SEN-Izatnagar,V.SUBRAHMANYAN-Bangalore,SALBrUZZAMANSIDDIOUI-Dclhi, 

T.S.TIRUMURTHI-Madras, A.C.UKIL-Calcutta. 

ASSISTANT EDITORS 

S. S. DE S. M U K E R J E E S. ROY 



PUBLISHED QUARTEitLY UNDER THE AUSPICES OF THE 
INDIAN INSTITUTE FOR MEDICAL RESEARCH. CALCUTTA. 



INDEX OF AUTHORS 


PAGE 

Bagchi, K. N. and Ganguly, H. D. Toxicology of the fruits of 


Zanthoxylum Acanthopodium Dc 35 

Bagchi, K. N, and Ganguli, H. D. Observations on Alcohol and other 

Dichromate Reducing Substances in Normal Blood 173 


Banerjee, S. R. see Nath, M. C. 

Banerjee, S. R. see Nath, M. C. 

Banerjee, S. see Saha, K. C. 

Banerjee, S. Vitamin C and Carbohydrate Metabolism. Part I. The 

Effect of Vitamin C on the Glucose Tolerance Test in Guinea-pigs . . . 157 

Banerjee, S. Vitamin C and Carbohy'drate Metabolism. Part II. The 

Efect of Vitamin C on the Glycogen Values of the Liver of Guinea-pigs . 171 

Banerjee, S. Vitamin C and Carbohydrate Metabolism. Part III. The 

Effect of Vitamin C on the Chloride Content of the Blood of Guinea-pigs . 173 

Bhattacharya, B. K. and De, S. P. The Influence of Diet in Resistance 


to Infection 137 

Basu’, P. N. Comparative Studies of Potash Alum and Ferric Alum as 

Adjuvant to Diphtheric Toxoid 105 


Bose, N. M. see Pal, R. K. 

Braganca, B. M. and Saha, K. C. Role of Iron in Anaemia during Scurvy 47 
Chakravarty, M. K. see Nath, M. C. 

Chakravarty, M. K. see Nath, M. C. 

Choudhury, N: K. see Nath, M. C. 

De, S. P. see Bhattacharya, B. K. 

Ganguli, H. D. see Bagchi, K. N. 

Ganguli, H. D. see Bagchi, K. N. 

Ghosh, B. Studies on the Effect of certain Experimentally Induced Physio- 
logical Disturbances on the Biosynthesis of Ascorbic Acid by the Rat . 15 

Gupta, T. C. The Potentiation of the Action of Adrenaline of Ephederin 
on the Small Intestine of Rabbit 


95 



PAGE 


[ « ] 

Kochhar, B. D. Nicotinic Acid Content of Blood in Diseases. Part II. 

Pellagra. 85 

Mukerjee, B. and Smith, R. "G. Cyanide Detoxication in the Rabbit and 

the Dog as Measured by Urinary Thiocyanate Excretion • 23 

Nath, M. C. Investigations on the New Antidiabetic Principle (Amellin) 
Occurring in Nature. Part I. Studies on some of its Biochemical 
Properties 55 

Nath, _M. C. and Banerjee, S. R. Investigations on the new Antidiabetic 

Principle (Amellin) Occurring in Nature 63 

Nath, M. C., Chakravarty, M. K. and Banerjee, S. R. Investigations 
on the New Antidiabetic Principle (Amellin) Occurring in Nature. 

Part III. Its Influence in Increasing Haematopoietic Activity in Diabetics 107 

Nath, M. C. aHd Chaudhury, N. K. Investigations on the New Anti- 
diabetic Principle (Amellin) Occurring in Nature. Part IV. Its Effect 
on the Utilisation of Inorganic Phosphate in the Blood of Diabetics . . 121 

Nath, M. C. and Chaudhury, N. K. Investigations on the New Anti- 
diabetic Principle (Amellin) Occurring in Nature. Part V. Its Influence 
in Causing Relief in Hypercholesterolemia, an Index to the True 
Progress in Clinical Diabetics 147 

Pal, R. K. and Bose, N. M. The Effect on Rats of Supplementing a Poor 

Bengalee Diet with 1 -Tyrosine \ . 99 

Pal, R. K. Some Observations on the Effects in Rats of Addition of Spices 

to the South Indian Diet ‘ 141 

Roy, a. and Sen, .P. B. Effect of Alkaloids on the Absorption of Mono- 
saccharides from the Guinea-pig Intestine. Part I. Effect of Atropine, 
Strychnine and Quinine on the Absorption of Glucose, Fructose, Xylose 
and Arabinose i 

Roy, a. and Sen, P, B. The Effect of Quinine on the Absorption of Fat . 9 

Roy, D. K. Cataphoretic Purification of Bacteriophage 39 

Roy, D. K. Studies on the Somatic Antigen of Bact. Typhosum. Part I. 

Isolation and Tests 43 

Saha, K. C. see Braganca, B. M. 

Saha, K. C. and Banerjee, S. Available Iron in Fish. Part V. Studies 
on the Mechanism of Absorption of Iron in the Iron-copper-nucleoprotein 
Complex obtained from Fish-muscle Tissue 131 

Sen, P. B. see Roy, A. 

Smith, R. G. see Mukerjee, B; 



CONTENTS 


PAGE 

Effect of Alkaloids on the Absorption of Monosaccharides from the 
Guinea-pig Intestine. Part I. Effect of Atropine, Strychnine, 

AND Quinine on the Absorption of Glucose, Fructose, Xylose and 
Arabinose. a. Roy and P. B. Sen l 

The Effect of Quinine on the Absorption of Fat. A. Roy and P. B. Sen 9 

Studies on the Effect of Certain Experimentally Induced Physio- 
logical Disturbances on the Biosynthesis of Ascorbic Acid by 
the Rat. Baidyanath Ghosh 15 

Cyanide Detoxication in the Rabbit and the Dog as Measured by 

Urinary Thiocyanate Excretion. B. Mukerji and Ralph G. Smith . 23 

Toxicology of the Fruits of Zanthoxylum Acanthopodium Dc. 

K. N. Bagchi and H. D. Ganguly 35 

Cataphoretic Purification of Bacteriophage. D. K. Roy 39 

Studies on the Somatic Antigen of Bact. Typhosum. Part I. Isolation 

AND Tests. D. K. Roy 43 

Role of Iron in Anemia During Scurvy. Beatriz de M. Braganca and 

K. C. Saha 47 

Investigations on the New Antidiabetic Principle (Amellin) Occurring 
IN Nature. Part I. Studies on some of its Biochejucal 
Properties. Madhab Chandra Nath 55 

Investigations on the New Antidiabetic Principle (Amellin) Occurring 
IN Nature. Part II. Its Effect on Glycosuria and Hyper- 
glycemia IN Cases of Human Diabetes. M. C. Nath and S. R. Banerjee 63 



PAGE 


[ iv ] 

Nicotinic Acid Content of Blood in Disease?. Part II. Pellagra. 

B. D. Kochhar 85 

The Potentiation of the Action of Adrenaline of Ephederin on the 

Small Intestine of Rabbit. T. C. Gupta 95 

The Effect on Rats of Supplementing a Poor Bengalee Diet with 

' ^-Tyrosine. R. K. Pal and N. M. Bose . . 99 

Comparative Studies of Potash Alum and Ferric Alum as Adjuv^ant to 

Diphtheric Toxoid. P. N. Basu i . . 105 

Investigations on the New Antidiabetic Principle (Amellin) Occurring 
IN Nature. Part III. Its Influence in Increasing H.®matopoietic 
Activity in Diabetics. M. C. Nath, M. K. Chakravarty and S. R. 
Banerjee 107 

Investigations on the New Antidiabetic Principle (Amellin) Occurring 
IN Nature. Part IV. Its Effect on the Utilisation of Inorganic 
Phosphate in the Blood of Diabetics. M. C. Nath and N. K.- 
Choudhury 121 

Available Iron in Fish. Part V. Studies on the Mechanism of' 
Absorption of Iron in the Iron-Copper-Nucleoprotein Complex 
Obtained from Fish-Muscle Tissue. K. C. Saha and S. Banerjee . . 131 

The Influence of Diet in Resistance to Infection. B. A. Bhattacharya 

and S. P. De 137 

Some Observations on the Effects in Rats of Addition of Spices to 

the South Indian Diet. R. K. Pal 141 

Investigations on the New Antidiabetic Principle (Amellin) Occurring 
in Nature. Part V. Its Influence in Causing Relief in Hyper- 
cholesterolemia, an Index to the True Progress in Clinical 
Diabetes. M. C. Nath and N. K. Chowdliury 147 

Vitamin C and Carbohydrate Metabolism. Part I. The Effect of 
Vitamin C on the Glucose Tolerance Test in Guinea-pigs. 
Sachchidananda Banerjee 157 

Vitamin C and Carbohydrate Metabolism. Part II. The Effect of 
Vitamin C on the Glycogen Values of the Liver of Guinea-pigs. 
Sachchidananda Banerjee 165 

ViTAiMiN 'C AND Carbohydrate Metabolism. Part III. The Effect of 
Vitamin C on the Chloride Content of the Blood of Guinea-pigs. 
Sachchidananda Banerjee • 171 

Observations on Alcohol and other Diochromate Reducing Substances 

IN Normal Blood. K. N. Bagchi and H. D. Ganguli - . 173 



INDEX OF SUBJECTS 


Absorption of Monosaccharides, Effect of Alkaloids on -the (Roy and Sen) i. 
Absorption of Iron of Iron-copper-nucleoprotein Complex (Saha and Banerjee) 
Absorption of Fat, Effect of Quinine on the (Roy and Sen) 9. 

Adrenaline of Ephederin, Potentiation of the Action of (Gupta) 95. 

Alcohol and Dichromate Reducing Substances in Blood (Bagchi and Ganguli) 173. 
Amellin, a New Anti-Diabetic Factor (Nath) 55, (Nath and Banerjee) 63, (Nath, 
Chakravarty and Banerjee) 107), (Nath and Chaudhury) r2i, 147. 
Antidiabetic Principle (Amellin), Do. 

Anaemia, in Scurvy, Role of Iron in (Braganca and Saha) 47. 

Antigen (Somatic) of Bact. Typhosum (Roy) 43). 

Arabinose, Absorption of (Roy and Sen) i. 

Ascorbic Acid, Biosynthesis of (Ghosh) 15. 

Atropine, on the Absorption of Monosaccharides (Roy and Sen) i. 

Bacteriophage, Purification of (Roy) 39. 

Bengalee Diet, Effect of 1-Tyrosine Supplement of (Pal and Bose) 99. 
Biosynthesis of Ascorbic Acid (Ghosh) 15. 

Cataphoretic Purification of Bacteriophage' (Roy) 39. 

Chloride Content of Blood, Vitamin C on (Banerjee) 171. 

Cyanide Detoxication in Rabbit and Dog (Mukerji and' Sipith) 23. 

Detoxication, Cyanide (Mukerji and Smith) 23. 

Diabetics, Haematopoietic Activity of Amellin in (Nath, Chakravarty and 
' Banerjee) 107. 

Diabetics, Utilisation of Inorganic Phosphate iir (Nath and Choudhury) 121. 
Diabetics, Amellin for Hypercholesterolemia of. (Nath and Choudhury) 147. 
Dichromate Reducing Substances in Blood (Bagchi and Ganguli) 173. 

Diet in Resistance to Infection (Bhattacharya and De) 137. 



[ vi ] 


Diet, Effects of Spices to South India (Pal) 141. 

Diphtheric Toxoid, Potash and Ferric Alum as Adjuvant to (Basu) 105. 
Ephederin, Potentiating Action of Adrenaline of (Gupta) 95. 

Fat, Quinine on the Absorption of (Roy and Sen) 9. 

Ferric Alum as Adjuvant to Diphtheric Toxoid (Basu) 105. 

Fish, Available Iron in (Saha and Banerjee) 131. 

Fructose, Effect of Alkaloids on the absorption of (Roy and Sen) i. 

Glucose, Effect of Alkaloids on the Absorption of (Roy and Sen) i. 

Glucose Tolerance Test, Effect of Vitamin C on (Banerjee) 157. 

Glycogen, Vitamin C and Liver (Banerjee) 164. 

Glycosuria, Amellin and (Nath and Banerjee) 63. 

Hsematopoietic Activity in Diabetics of Amellin (Nath, Chakravarty and 
Banerjee) 107. 

Hyper-cholesterolemia and Amellin (Nath and Chaudhury) 147. 

Hyper-glycemia and Amellin (Nath and Banerjee) 63. 

Infection and Diet (Bhattacharya and De) 137. 

Iron in Anaemia during Scurvy (Braganca and Saha) 47. 

Iron-copper-nucleoprotein Complex, Absorption of Iron of (Saha and Banerjee) 131. 
Nicotinic Acid Content of Blood in Pellagra (Kochhar) 85. 

Phosphate, Effect of Amellin on its Utilisation (Nath and Chaudhuiy) 121. 
Quinine, Its Effect on the Absorption of Monosaccharides (Roy and Sen) i. . 
Quinine, Its Effect on the Absorption of Fat (Roy and Sen) 9. 

Scurvy, Iron and Anaemia in (Braganca and Saha) 47. 

Somatic Antigen of Bact. Typhosum (Roy) 43. 

South Indian Diet and Spices (Pal) 141. 

Strychnine, Effect on Absorption of Monosaccharides (Roy and Sen) i. 
Thiocyanate Excretion and Cyanide Detoxication (Mukerjee and Smith) 23. 
Toxiology of Zanthoxylum Acanthopodium Dc. (Bagchi and Ganguli) 35. 
l-Tyrosjne and Bengalee Diet (Paf and Bose) 99. 

Vitamin C and Carbohydrate Metabolism (Banerjee) 157, 164,^71. 

Xylose, Absorption of (Roy and Sen) i. ' 

Xanthoxylum Acanthopodium Dc., Toxiology of (Bagchi and Ganguli) 35. 



Annals of Biochemistry 
and Experimental Medici 


Volume XIII, 1953 


Editors 

P, K. Bose B. N. Ghosh B, G. Guha J. C. Ray S, C. Roy 

Ranchi Calcutta Calcutta Calcutta Calcutta 


IN CONJUNCTION WITH 

B.AHMAD-Lahore R.AHMED-Calcutta K.N.BAGCHI-Calcutta J.C.BANERJEA 
-Calcutta S. BANERJEE-Calcutta K. C. BASAK-Calcutta K. P. BASU-Bangalore 
N.M.BASU-Calcutta D. GHAKRAVARTI-Calcutta K. D. CHATTERJEE-Calcutta 
K.C.GHAUDHURI-CalcuttaM.DAMODARAN-Poona N.B.DAS-NewDelhi M.N.DE 
-Calcutta J.C.GHOSH-Calcutta S.GHOSH-Calcutta K.V.GIRI-Bangalore R.E. 
HEILING-Mysore M.O.T.IYENGER-Calcutta K.V.KRISHNAN-Calcutta 
P.KUTUMBIA- Vellore JIVRAJ MEHTA-Bombay S.C.NEOGY-Calcutta R.K.PAL- 
Calcutta B.B.SARKAR-Cal£jitta P.B.SEN-Calcutta G.SANKARAN-Bombay 
V.SUBRAHMANYAN-Mysore K.C.SEN-Bangalore T.S.TIRUMURTHI-Madras 

A.C.UKIL-Calcutta 


ASSISTANT EDITORS 

A. K. MUKHERJEA A. N. ROY 



PUBLISHED QUARTERLY UNDER THE AUSPICES OF THE 
INDIAN INSTITUTE FOR MEDICAL RESEARCH, CALCUTTA. 



Volume Xni, 19^3 
CONTENTS 


PAGE 

I . Studies on the Riboflavin Contents of Indian Wheat. Y . P . 


Gupta , M . L . Mathiir and V. B . Das i 

2. Preliminary Studies on the Nutritive Vallie of Indian Wheat. 

N . B . Das , R . M . Bancrjec , T . D . Biswas und Y . P . Gupta 5 

3. The Nlitritivf Value of Safflower Seed and Niger Seed Oils. 

/!/. Narajana Rao and /!/. Swaminatban 11 

4. Thf Effect of Safflower Seed Oil and Niger Seed Oil on 

Calcium, Phosphorus and Nitrogen Metabolism in Normal 
Growing Rats. M . Narayana Rao and /)/. Swaminatban ij 

5. Effect of Snake Venoms on the Growth of Different Micro- 

organisms. Anima Devi , Subrata Ganguly and Nirmal Kumar 
Sarkar 19 

6. Action OF Snake Venoms on Muscles. Part I. Physiological 

Action. Anima Devi , S . R . Maitra nnd N . K . Sarkar 23 

7. Action of Snake Venoms on Muscles. Part II. Mechanism 

OF Action. Anima Devi and N . K. Sarkar 27 

8. Paper Disc Assay Method for Vitamin Bj,, using a Mutant of 

Eseberiebia Cali . S . Ganguly 31 

9. The Effect of some Pteroylglutamic Acid and Pteroic Acid 

Analogues on Streptoccoccus faccalis R. Prabbat Ranjan Pal .... 3^ 

10. Some Preliminary Observations on the Microbial Produc- 
tion OF Vitamin Bjo. S . Ganguly , N . C . Ganguli and S . C . 

Roy 41 

1 1 . Studies on the Effect of Carbon and Nitrogen Sources on 
the Production of Vitamin Bj,. S . Ganguly and S . C . 

Roy 47 


INDEX OF AUTHORS 

Banerjee, R. M. See Das, N. B. 

Biswas, T. D. See Das, N. B. 

Das, N. B. See Gupta, Y. P. 

Das, N. B., Banerjee, R. M., Biswas, T. D. and Gupta, Y. P. Preli- 
minary Studies on the Nutritive Value of Indian Wheat g 

Devi, Anima, Ganguly, Subrata and Sarkar, Nirmal Kumar. Effect 

of Snake Venoms on the Growth of Different Micro-organisms ... 19 

Devi, Anima, Maitra, S. R. and Sarkar, N. K. Action of Snake Venoms 

on Muscles. Parti. Physiological action 23 

Devi, Anima and Sarkar, N. K. Action of Snake Venoms on Muscles. 

Part 11 , Mechanism of Action , , , , 27 


VOL. XIII, i5)i:jl 


( ” ) 


PAGE 


Gangxili, N. C. See Ganguly, S. 

Ganguly, S. Paper Disc Assay Method for Vitamin Bj,, using a Mutant 

of Escherichia Coli 3 ^ 

Ganguly, S., Ganguli, N. C. and Roy, S. C. Some Preliminary Obser- 
vations on the Microbial Production of Vitamin 4 ' 

Ganguly, S. and Roy, S. C. Studies on the Effect of Carbon and 

Nitrogen Sources on the Production of Vitamin B^, 47 


Ganguly, Subrata. See Devi, Anima. 

Gupta, Y. P, See Das, N. B. 

Gupta, Y. P., Mathur, M. L. and Das, N. B, Studies on the Riboflavin 

Contents of Indian Wheat i 

Maitra, S. R. See Devi, Anima. 

Mathur, M. L. See Gupta, Y. P. 

Pal, Prabhat Ranjan. The Effect of some Pteroylglutamic Acid and 


Pteroic Acid Analogues on Streptococcus faecal is R IS 

Rao, M. Narayana and Svvaminathan, M. The Effect of Safflower 
Seed Oil and Niger Seed Oil on Calcium, Phosphorus and Nitrogen 

Metabolism in Normal Growing Rats i J 

Rao, M. Narayana and Swaminathan, M. The Nutritive Value of 

Safflower Seed and Niger Seed Oils 1 1 

Roy, S. C, See Ganguly, S. 

Sarkar, Nirmal Kumar (N. K.). Sec Devi, Anima. 

Swaminathan, M. See Rao, M. Narayana. 


INDEX OF SUBJECTS 

Calcium Metabolism, Effect of Safflower and Niger Seed Oils, on (Rao and 
Swaminathan) i £ . 

Carbon and Nitrogen Sources, Effect of, on the Production of Vitamin Bj, 
(Ganguli and Roy) 47. 

Microbial Production of Vitamin Bj, (Ganguly, Ganguli and Roy) 41. 

Niger Seed Oil, Nutritive Value of and Effect of, on Calcium, Phosphorus 
and Nitrogen Metabolism in Normal Growing Rats (Rao and Swaminathan) 
II, 1 £. 

Nitrogen Metabolism, Effect of Safflower and Niger Seed Oils, on (Rao and 
Swaminathan) i£. 

Nutritive Value of Indian Wheat (Das, Banerjee, Biswas and Gupta) £. 

Nutritive Value of Safflower Seed and Niger Seed Oils (Rao and Swaminathan) 1 1 . 

Phosphorus Metabolism, Effect of Safflower and Niger Seed Oils, on (Rao and 
Swaminathan) i^. 

Pteroic Acid Analogues, Effect of, on Streptococcus Jaecalis R. (Pal) 33’. 

Pteroylglutamic Acid, Effect of, on Streptococcus faecalis R. (Pal) 33-. 

Saffloxver Seed Oil, Nutritive Value of (Rao and Svi'aminathan) ii. 


( iii ) xin. 

Safflower Seed Oil, Effect of, on Calcium, Phosphorus and Nitrogen Metabolism 
(Rao and Swaminathan) i^. 

Riboflavin Contents of Indian Wheat, Studies on (Gupta, Mathur and Das) i. 

Snake Venoms, Effect of, on the Growth of Different Micro-organisms (Devi, 
Ganguly and Sarkar) 19. 

Snake Venoms, Mechanism of Action of, on Muscles (Devi and Sarkar) 27. 

Snake Venoms, Physiological Action of, on Muscles (Devi, Maitra and Sarkar) 23. 

Streptococcus faecalis R., Effect of some Pteroylglutamic Acid and Pteroic 
Acid Analogues, on (Pal) 3^. 

Vitamin Effect of Carbon and Nitrogen Sources on the Production of 
(Ganguly and Roy) 47. 

Vitamin Bjj, Microbial Proluction of, Preliminary Observations on (Ganguly, 
Ganguli and Roy) 41. 

Vitamin Bj,, Paper Disc Assay Method for, using a Mutant of Escherichia Coli 
(Ganguly) 31. 

Wheat ( Indian), Riboflavin Contents of (Gupta, Mathur and Das) i . 

Wheat, Nutritive Value of (Das, Banerjee, Biswas and Gupta) f. 




Annals of Biochemistri 
and Experimental Medici 


Volume XIV, 1954 


Editors 

P. K. Bose B. N. Ghosh B, G. Guha J. G. Ray S. G. Roy 

Ranchi Calcutta Calcutta Calcutta Calcutta 

IN CONJUNCTION WITH 

B.AHMAD-Lahore R.AHMED-Calcutta K.N.BAGCHI-Calcutta J.C.BANERJEA 
'Calcutta S. BANERJEE-Calcutta K. C. BASAK- Calcutta K. P. BASU-Bangalore 
N.M.BASU-Calcutta D. CHAKRA VARTI-Calcutta K. D, CHATTERJEE-Calcutta 
K.G.CHAUDHURI-CalcuttaM.DAMODARAN-Poona N.B.DAS-NewDelhi M.N.DE 
-Calcutta J.C.GHOSH-Calcutta S.GHOSH-Calcutta K.V.GIRI-Bangalore R.E. 
HEILIG-Mysore M.O.T.IYENGER-Calcutta , K.V.KRISHNAN-Calcutta 
P.KUTUMBIA- Vellore JIVRAJ MEHTA-Bombay S.C.NEOGY-Calcutta R.K.PAL 
-Calcutta B.B.SARKAR-Calcutta P.B.SEN-Calcutta G.SANKARAN-Bombay 
V.SUBRAHMANYAN-Mysore K.C.SEN-Bangalore T.S.TIRUMURTHI-Madras 

A.C.UKIL-Calcutta 


A.SSISTANT EDITORS 

A. K. BANERJEE A. N. ROY 



PUBLISHED QUARTERLY UNDER THE AUSPICES OF THE 
INDIAN INSTITUTE FOR MEDICAL RESEARCH, CALCUTTA. 



Volume XIV, 19^4 


CONTENTS 

PAGE 

1. Effect of Adrenalectomy on the Digestibility of Some Fats. 

Dasharathi Mishra i 

2. The Oxygen-Uptake of Streptomyces Griseus during the Produc- 
tion OF Vitamin Bjg. S. Ganguly and S. C. Roy g 

3. Studies on Immunization Against Plague: Application of 

Qualitative and Quantitative Precipitation and Agglu- 
tination Tests in Evaluating The Titre of Antiplague 
Sera. S. C. Seal y 

4. Studies on Food-Iron. Part VI. On the Nature of Iron in 

Egg-Yolk of Duck. D. P. Sen 25^ 

5. Lievr Function in Narcotised or Scorbutic Condition of 

the Animals. N. C. GanguH and G. Ray 33 

6. Effect of Ascorbic Acid Deficiency on the Tissue Reserve 
OF Phosphate Esters in Guinea-pigs. N. C. Ganguli and 

S. C. Roy 35' 

7. Thiamin, Riboflavin, Nicotinic Acid and Vitamin Storage 

IN Liver Tissue of Guinea-pigs under Ascorbic Acid 
Deficiency. N. C. Ganguli, S. Ganguly and S. C. Roy 39 

INDEX OF AUTHORS 

Ganguli, N. C., Ganguly, S. and Roy, S. C. Thiamin, Riboflavin, 
Nicotinic Acid and Vitamin Bjg Storage in Liver Tissue of Guinea- 

pigs under Ascorbic Acid Deficiency 39 

Ganguli, N. C. and Ray, G. Liver Function in Narcotised or Scorbutic 

Condition of the Animals . 33 

Ganguli, N. C. and Roy, S. C. Effect of Ascorbic Acid Deficiency 

on the Tissue Reserve of Phosphate Esters in Guinea-pigs 35- 

Ganguly, S. See Ganguli, N. C. 

Ganguly S. and Roy, S. C. The Oxygen-Uptake of Streptomyces Griseus 

during the Production of Vitamin B^j £ 

Mishra, Dasharathi. Effect of Adrenalectomy on the Digestibility 

of Some Fats 1 

Ray, G. See Ganguli, N. C. 

Roy, S. C. See Ganguli, N. C. and Ganguly, S. 

Seal, S. C. Studies on the Immunization against Plague: Application 
of Qualitative and Quantitative Precipitation and Agglutination in 

Evaluating the Titre of Antiplague Sera • 9 

Sen, D. P. Studies on Food-Iron. Part VI. On the Nature of Iron in 

Egg- Yolk of Duck 25 



Vot. XIV. 1954] 


( li ) 

INDEX OF SUBJECTS 


Adrenalectomy, Effect of, on the Digestibility of Some Fats (Mishra) i. 

Agglutination Tests in Evaluating the Titre of Antiplague Sera (Seal) 9. 

Antiplague Sera, Application of Precipitation and Agglutination Tests in Evaluat- 
ing the Titre of (Seal) 9. 

Ascorbic Acid Deficiency, Effect of, on the Tissue Reserve of Phosphate Esters 
in Guinea-pigs (Ganguli and Roy) 35^. 

Ascorbic Acid Deficiency, Thiamin, Riboflavin, Nicotinic Acid and Vitamin 
Storage in Liver Tissue of Guinea-pigs, under (Ganguli, Ganguly and 
Roy) 39. 

Digestibility of Some Fats, Effects of Adrenalectomy on the (Mishra) i . 

Egg-yolk of Duck, Nature of Iron in (Sen) 2 g. 

Food-Iron, Studies on (Sen) ig. 

Immunization against Plague, Studies on (Seal) 9. 

Liver Function in Narcotised or Scorbutic condition of the Animals (Ganguli 
and Ray) 3 3 . 

Narcotised or Scorbutic condition of the Animals, Liver Function in (Ganguli 
and Ray) 33. 

Nicotinic Acid Storage in Liver Tissue of Guinea-pigs under Ascorbic Acid 
Deficiency (Ganguli, Ganguly and Roy) 39. 

Oxygen-Uptake of Streptomyces Griseus during the Production of Vitamin B^g 
(Ganguly and Roy) g. 

Phosphate-Esters in Guinea-pigs, Effect of Ascorbic Acid Deficiency on the Tissue 
Reserve of (Ganguli and Ray) 33. 

Plague, Studies on Immunization against (Seal) 9, 

Precipitation (Qualitative and Quantitative) Tests in Evaluating the Titre of 
Antiplague Sera (Seal) 9. 

Riboflavin Storage in Liver Tissue of Guinea-pigs under Ascorbic Acid Deficiency 
(Ganguli, Ganguly and Roy) 39. 

Streptomyces Griseus^ the Oxygen-Uptake of, during the Production of Vitamin 
Bi 2 (Ganguly and Roy) g. 

Thiamin Storage in Liver Tissue of Guinea-pigs under Ascorbic Acid Deficiency 
(Ganguli, Ganguly and Roy) 39. 

Vitamin B^o Storage in Liver Tissue of Guinea-pigs under Ascorbic Acid 
Deficiency (Ganguli, Ganguly and Roy) 39. 

Vitamin Bjg, the Oxygen-Uptake of Streptomyces Griseus during the Production of 
(Ganguly and Roy) g. 



Annals of Biochemisl 
and Experimental Med 

Volume VIII, 1948 


Edited by 

P. K. Bose B. N. Ghosh B. C. Guha J. G. Ray 

IN CONJUNCTION WITH 

B.AHMAD-Lahore, R.AHMED-Calcutta, K.N.BAGCHI-Calcutta, K.P.BASU-Dacca, 

J. C.BANERJEA-Calcutta, N.M.BASU-Calcutta, D.CHAKRAVARTI-Calcutta, 

M.DAMODARAN-Madras, N.B.DAS-Muktesar, M.N.DE-Calcutta, J.C.GHOSH-Bangalore, 
S.GHOSH-Calcutta, K.V.GIRI-Waltair, R.E.HEILIG-Mysore, P.KUTUMBIA-Vizagapatam, 
JIVRAJ MEHTA-Bombay, S.C.NEOGY-Calcutta, R.K.PAL-Calcutta, P.B.SEN-Calcutta, 

K. C.SEN-Izatnagar, B.B.SARKAR-CaJcutta, V.SUBRAHMANYAN-Bangalore. 

SALIMUZZAMAN SIDDIQUI-Delhi, T.S.TIRUMURTHI-Madras, A.C.UKIL-Calcutta. 

ASSISTANT EDITORS 

JYOTIRMOY CHATTER JEE S. N. CHAUDHURI N. GHOSH A. N. ROY S. ROY 



PUBLISHED QUARTERLY UNDER THE AUSPICES OF THE 
INDIAN INSTITUTE FOR MEDICAL RESEARCH, CALCUTTA. 



Voiume Vlll, 19.18 
CONTENTS 

PAGE 

1. Mahatma Ganm)}!’- in MiaiOpcam j.2 

2. A Erfl'mina”-! Mctf on CoMPLrME'jT-Fix<\TroN Reaction in 

Amoebiasis. 'v Hevpioid Ghosh and J . C . Raj .... 3 

3. Extstencl or a. C\rnK)To ic PpiNcirLc in Cobra Venom. N . K . 

Sarkar j j 

4. Laboratora Di^'cno.is or Nicotinic Acid Deficiency. B . D . 

Kochhar ' _ 23 

S - A Study or thi Thtamin Content of Different Varieties of 
Wheat and Whfai Products of the Punjab in Relation to the 
Dietary Habits of the People. Bashir Ahmad , Sardanlal Mehra 
and Gargi Bhaiihokc 

6. Studies on the Nlitritive Value of Groundnut Milk. H . S . R . 

Desihachar ^ S . S. Dc and N Subrahmanyan 33 

7. Vegetable Dyfs as Antioxidants for Vegetable Oils. T . S . 

Ramaswamy and B . N . Banerjee 

8. Antirachitic Effect or Coconut Oil and its Mode of Action 

ON Bone Calcification. Nirmal C. Dutta 69 

9. Some Observations on the Effect of Sulphanilamide Deriva- 
tives on the Dehydrogenase System of Resting E. Coli. A . N . 

Bose and N . Ray 79 

10 Bactericidal Action of Metallic Copper on Vibrio Cholerae. 

Harcndra Nath Bose and Diptish Chandra Chakraborty 83 

11. Thiamin Content of Common Punjab Foodstuffs in the Raw 

and Cooked State. Bashir Ahmad , Sardanlal Mehra and Gargi 
Bhanhoke 89 

12. In Vitro Digestibility of Soya Milk and the Tryptic Inhibitor 

IN Soyabean. H . S . R . Desikachar , S . S . De and V . Subrahmanyan . , 93 

13. In Vitro Digestibility of Groundnut Milk. Jd - S . R . Desikachar , 

S . S . De and V . Subrahmanyan 97 

14. Studies on Vitamin C in Soyabean and Soyamilk. Y . B . 

Rangnekar , S . S . De and V . Subrahmanyan 99 

1 5 . Stability of Vitamin C in Soyamilk as Compared to Cow’s 

Milk. Y . B . Rangnekar , S . S . Deand V . Subrahmanyan lof 

16. A Nutritional Study of Different Population Groups of 
Northern India with Respect to Thiamin, Bashir Ahmad , 

Sardari Lai Mehra and Gargi Bhanhoke 109 

17. Vitamin ‘A’ Destruction in Shark Liver oil B/ocA;) 

and the Effect of Adding Antioxidants. T . S . Ramaswamy and 

B. N . Banerjee 

18. Storage of Ghee: Influence of thf Method or Preparation 

AND Acidity on the Kffping Quality of Ghfe, E, S . 
Ramaswamy and B, N , Banerjee 123 



VOL. VIII. 1948] 


( « ) 


PAGE 

19 Role of Vitamirs in the Metabolism of Calcium, Magnesiltm 

AND Phosphorus in Human Subjects. K. V. Basu and H. N. Dc . . 127 

20. A Comparative Study of Butter Fat and Hydrogenated Vege- 
table Fat (Dalda) on the Utilization of Calcium and Phos- 
phorus. Nirmal C. Dutta i 37 

INDEX OF AUTHORS 

Afimad, Bashir, Mehra, Sardarilal and Bharihoke, Gargi. A Study 
of the Thiamin Content of Different Varieties of Wheat and Wheat 
Products of the Punjab in Relation to the Dietary Habits of the People 41 
Ahmad, Bashir, Mehra, Sardarilal and Bharihoke, Gargi. Thiamin 

Content of Common Punjab Foodstuffs in Raw and Cooked State . . 89 

Ahmad, Bashir, Mehra, Sardarilal and Bharihoke, Gargi. A Nutri- 
tional Study of Different Population Groups of Northern India with 

Respect to Thiamin 109 

Banerjee, B. N. See Ramaswamy, T. S. 

Basu, K. P. and De, H. N. Role of Vitamins in the Metabolism 

of Calcium, Magnesium and Phosphorus in Human Subjects .... 127 

Bharihoke, Gargi. See Ahmad, Bashir. 

Bose, A. N. and Ray, N. Some Observations on the Effect of Sulphanil- 

amide Derivatives on the Dehydrogenase System of Resting E. Coli . . 79 

Bose, Harendra Nath and Chakraborty, Diptish Chandra. Bacteri- 
cidal Action of Metallic Copper on Vibrio Cholerae 83 

Chakraborty, Diptish Chandra. See Bose, Harendra Nath. 

De, H. N. See Basu, K. P. 

De, S. S. See Desikachar, H, S. R., also Rangnekar, Y. B. 

Desikachar, H. S. R., De, S. S. and Subrahmanyan, V. Studies on 

the Nutritive Value of Groundnut Milk 33 

Desikachar, H. S. R., De, S. S. and Subrahmanyan, V. In Vitro 

Digestibility of Soya Milk and the Tryptic Inhibitor in Soyabean . . 93 

Desikachar, H. S. R., De, S. S. and Subrahmanyan, V. In Vitro 

Digestibility of Groundnut Milk 97 

Dutta, Nirmal C. Antirachitic Effect of Coconut Oil and its Mode of 

Action on Bone Calcification 69 

Dutta, Nirmal C. A Comparative Study of Butter Fat and Hydrogenated 

Vegetable Fat (Dalda) on the Utilization of Calcium and Phosphorus 137 
Kochhar, B. D. Laboratory Diagnosis of Nicotinic Acid Deficiency . . 23 

Mehra, Sardarilal. See Ahmad, Bashir. 

Ghosh, Hemprova. See Ghosh, N. N. 

Ghosh, N. N., Ghosh, Hemprova and Ray, J. C. A Preliminary Note 

on Complement-Fixation Reaction in Amoebiasis ^ 

Ramaswamy, T. S. and Banerjee, B. N. Vegetable Dyes as Antioxidants 
for Vegetable Oils 



( 'ii ) 


[vOL. VIII. 1948 


PAGE 

Ramaswamy, T. S. and Banerjee, B. N. Vitamin A Destruction in 

Shark Liver Oil (Zjgaena Blochi) and the Effect of Adding Antioxidants 1 1 £ 

Ramaswamy, T. S. and Banerjee, B. N. Storage of Ghee: Influence of 

the Method of Preparation and Acidity on the Keeping Quality of Ghee 1 2 3 
Rangnekar, Y. B., De, S. S. and Subrahmanyan, V. Studies on 

Vitamin C in Soyabean and Soyamilk 99 

Rangnekar, Y. B., De, S. S. and Subrahmanyan, V. Stability of 

Vitamin C in Soyamilk as Compared to Cow’s Milk 105 

Ray, J, C. See Ghosh, N. N. 

Ray, N. See Bose, A. N. 

Sarkar, N. K. Existence of a Cardiotoxic Principle in Cobra Venom . . 1 1 

Subrahmanyan, V. Sec Desikachar, H. S. R., also Rangnekar, Y. B. 


INDEX OF SUBJECTS 

Amoebiasis, Complement-Fixation Reaction in (Ghosh, Ghosh and Ray) 3. 

Antioxidants, Effect of, on Vitamin A Destruction in Shark Liver Oil (Ramaswamy 
and Banerjee) ii^. 

Antioxidants for Vegetable Oils, Vegetable Dyes as (Ramaswamy and Banerjee) 

55 - 

Antirachitic Effect of Coconut Oil and its Mode of Action on Bone Calcification 
(Dutta) 69. 

Bactericidal Action of Metallic Copper on Vibrio ChoJerae (Bose and Chakraborty) 
83 - 

Bone Calcification, Mode of Action of Coconut Oil on (Dutta) 69. 

Butter Fat and Flydrogenated Vegetable Fat on the Utilization of Calcium and 
Phosphorus, a Comparative Study of, (Dutta) 137. 

Calcium, Metabolism of, Role of Vitamins in (Basu and De) 127. 

Calcium, Utilization of, in Butter Fat and Hydrogenated Fat (Dutta) 137. 

Cardiotoxic Principle in Cobra-Venom (Sarkar) 1 1 . 

Cobra-Venom, Cardiotoxic Principle in (Sarkar) ii. 

Coconut Oil, Antirachitic Effect of, and Mode of Action on Bone Calcification 
(Dutta) 69. 

Complement-Fixation Reaction in Amoebiasis (Ghosh, Ghosh and Ray) 3. 

Copper (Metallic), Bactericidal Action of, on Vibrio Cholcrac (Bose and 
Chakraborty) 8 3 . 

Dehydrogenase System of E. Coli, Effect of Sulphanilamide Derivatives on (Bose 
and Ray) 79. 

Digestibility (in vitro) of Soya Milk and Groundnut Milk (Desikachar, De and 
Subrahmanyan) 93, 97. 

E. Coli (Resting), Effect of Sulphanilamide Derivatives on the Dehydrogenase 
System of (Bose and Ray) 79. 

Foodstuffs (Common Punjab) in the Raw' and Cooked Stale, Thiamin Content of 
(Ahmad, Mehra and Bharihoke) 89. 



voi. VIII. 1948] 


( ) 


Ghee, Influence of the Method of Preparation and Acidity on tf ' Keeping 
Quality of (Ramaswamy and Banerjee) 123. 

Groundnut Milk, in vitro Digestibility of (Desikachar, De and Subrahmanyan) 
97 - 

Groundnut Milk, Nutritive Value of (Deshkachar, De and Subrahmanyan) 33. 

Hydrogenated Fat and Butter Fat, a Comparative Study of, on the Utilization 
of Calcium and Phosphorus (Dutta) 137. 

Magnesium, Metabolism of. Role of Vitamins in (Basu and De) 127. 

Metabolism of Calcium, Magnesium and Phosphorus in Fluman Subjects, Role 
of Vitamins in (Basu and De) 127. 

Nicotinic Acid Deficiency, Laboratory Diagnosis of (Kochhar) 23. 

Nutritional Study of Different Population Groups of Northern India with Respect 
to Thiamin (Ahmad, Mehra and Bharihoke) 109. 

Nutritive Value of Groundnut Milk (Desikachar, De and Subrahmanyan) 33. 

Oils (Vegetable), Vegetable Dyes as Antioxidants for (Ramaswamy and Banerjee) 
SS- 

Phosphorus, Metabolism of, Role of Vitamins in (Basu and De) 127. 

Phosphorus, Utilization of, in Butter Fat and Hydrogenated Fat (Dutta) 127. 

Shark Liver Oil, Vitamin A Destruction in, and Effect of Adding Antioxidants 
(Ramaswamy and Banerjee) 1 1 £. 

Soyabean, Studies of Vitamin C in (Rangnekar, De and Subrahmanyan) 99. 

Soyabean, Tryptic Inhibitor in (Desikachar, De and Subrahmanyan) 93. 

Soya Milk, in vitro Digestibility of (Desikachar, De and Subrahmanyan) 93. 

Soya Milk as Compared to Cow’s Milk, Stability of Vitamin C in (Rangnekar, De 
and Subrahmanyan) 103-. 

Soya Milk, Vitamin C in (Rangnekar, De and Subrahmanyan) 99. 

Sulphanilamide Derivatives, Effect of, on the Dehydrogenase System of Resting 
E. Coh (Bose and Ray) 79. 

Thiamin Content of Different Varieties of Wheat and Wheat Products of the 
Punjab (Ahmad, Mehra and Bharihoke) 41. 

Thiamin Content of Common Punjab Foodstuffs in the Raw and Cooked State 
(Ahmad, Mehra and Bharihoke) 89. 

Thiamin, Nutritional Study of Different Population Groups of Northern India 
with Respect to (Ahmad, Mehra and Bharihoke) 709. 

Vegetable Dyes as Antioxidants for Vegetable Oils (Ramaswamy and Banerjee) 
SS- 

Vibrio Cholerae, Bactei'icidal Action of Metallic Copper on (Bose and Chakraborty) 

83 • 

Vitamin A Destruction in Shark Liver Oil and Effect of Addition of Antioxidant 
(Ramaswamy and Banerjee) 1 1 3. 

Vitamins, Role of, in the Metabolism of Calcium, Magnesium and Phosphorus 
in Human Subjects (Basu and De) 12,7. 




Annals of Biochemistry 
nd Experimental Medicine 

Volume XVI 1956 


FOUNDED BY THE 

INDIAN INSTITUTE FOR MEDICAL RESEARCH 
CALCUTTA 



EDITED AND PUBLISHED BY THE 

INDIAN INSTITUTE FOR BIOCHEMISTRY AND EXPERIMENTAL MEDICINE 

UNDER THE AUSPICES OF THE 

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH. INDIA 




Volume XVI, 19^6 
CONTENTS 


PAGE 

1. Studies on Cholera-infection and Cholera-immunization. 

Part I. Attempts for Demonstration of Endotoxin and 
Agglutinogen of Vibrio Cholerae in the Serum of Cholera 
Patients. S . Mukerjee and U . K . Cuba Roj i 

2. BlS-(p-DIMETHYLAMINOPHENYL)-IMIDE AS A ReAGENT FOR THE 

Characterization of Fatty Acids. Sukumar Das and S . C. 

S 

3. Studies ON Fish Flour. K . Ramamurti 9 

4. A Colorimetric Method for the Estimation of Cholin-esterase 
Activity in Erythrocytes. Mrs . Sova Janah , B . R . Chatterjee , 

D . N . Bhowmik ^ B . C . Rudra and S . N . Chaudhuri 17 

5 . Turbidimetric Determination of Protozoal Agglutination. 

Mrs . Sova Janah ^ D. N . Bhowmik and S . N. Chaudhuri 23 

6. Studies on the Effect of Canning and Storage on the Nutri- 
tive Value of Some Common Vegetables. Part 111 . Changes 
IN Ascorbic Acid Content of Cauliflower. M . C . Malakar and 

S. N . Banerjee 29 

7. Thiamin Values of Pure-Bred Strains of Some Cereals and 

Pulses. S . N. Banerjee and B. C. Cuba is 

8. Studies on the Nature of Renal Damage by Nephrotoxic 

Serum. S. N . Ghosh ^ M . K . Roy , D . N . Bhowmik and S . N . 
Chaudhuri 39 

9. Effect of Chloroamphenicol on Normal Haemogram and 
Antibodies. S . N . Ghosh , Mrs . Gouri Banerjee , B . K . Rudra 

and A . N . Roy 45' 

10. Studies on the Bacteriology of G astro -Enteritis of Infants 
and Older Age-groups with Particular Reference to Certain 
Sero-Types of Escherichia coli . A . Banerjee , D . N . Chatterjee and 

K . Paramanick 49 

11. The Amino-acid Composition of Certain Leishmania Bodies. 

Mrs . Gouri Banerjee , Durlav K . Roy and N. C. Ganguli £7 

12. The Amino-acid Composition of Vibrio Cholerae Cells. Mrs . 

Gouri Banerjee , Durlav K . Roy and N. C. Ganguli 61 

13. A Comparative Study of the Cell Mobility in Tissue Culture: 

Fibroblasts treated with Methylcholanthrene and Phenan- 
THRENE. Jyotirmoy Chatterjee 6 s 

14. Characterization of Urinary Proteose in Tuberculosis. 

S . N . Ghosh , S . N. Chaudhuri and J . C . Ray 71 

i^. Drug Sensitivity Tests on Escherichia coli Strains from Cases of 
Gastro-Enterities in Infants, Children and Adults. A . 

Bancrjea and ( Mrs .) G . Banerjee , . , . 73 



VOL. XVI. 19^6] 


( ii ) 


PAGE 

1 6. Studies on the Nutritive Value of Rice and Rice Diets. 

Part I. The Nutritive Value of Husked, LIndermilled and 
Milled Raw Rice. V. Subiahmanyan, M. N. Kao and M. Swaminathan . 8 1 

17. A Study on Urease. Part I. Extraction of Active Urease. 

K. L. Nath and K. Ullah 89 

18. Glycolytic Intermediates of Human Uterine Tissue — Normal, 

Fibroid or Malignant. K. Purkayastha and S. C. Roy 93 

19. Amino-acids in Human Uterine Tissue — Normal, Fibroid or 

Malignant. R. Purkayastha and S. C. Roy 97 

20. Studies on Antibiotic-producing Microorganisms in East 
Pakistan Soils and their Antibiotics. Md. A. M. Bhuiyan and 

K. Ahmad loi 

21. Studies on the Nitrogen Utilization by a Pseudomonas species 
DURING THE SYNTHESIS OF RiBOFLAViN. (Miss) Nilima Majumdar, 

Pabitra Kumar Maitra^ S. Ganguly md S. C. Roy io£ 

2 2. A New Process for the Manufacture of Ephedrine Hydro- 
chloride from Ephedra. Srish Kumar Saha 109 

23. Heat Stability OF Fungal a- A mylase. Durlav K. Roy iii 

24. Action of Homologous and Autologous Serum and Plasma 
ON the Growth of Cancer Cells in Tissue Culture. 

J, Chatterjee 1 1 3 

2j. Effect of Ultraviolet Irradiation on the Activity of Fungal 

o-Amylase. Durlav K, Roy 115^ 

26. Ultraviolet Absorption of Fungal o-Amylase. Durlav K. 

Roy 1 1 7 

27. Isoelectric Point OF Fungal o-Amylase. Durlav K. Roy .... 119 

28. Stability OF Fungal o-Amylase. Durlav K. Roy 121 

INDEX OF AUTHORS 
Ahmad, K. See Bhuiyan, Md. A. M. 

Banerjea, a. and Banerjee, (Mrs.) G. Drug Sensitivity Tests on Escherichia 
coli Strains from Cases of Gastro-Enteritis. in Infants, Children 

and Adults 

Banerjea, A., Chatterjee, D. N. and Pramanick, K. Studies on the 
Bacteriology of Gastro-Enteritis of Infants and Older Age-groups 
with Particular Reference to Certain Sero-types of Escherichia coli. . 49 

Banerjee, Mrs. Gouri (G.). See Banerjea, A., also Ghosh, S. N. 

Banerjee, Mrs. Gouri, Roy, Durlav K. and Ganguli, N. C. The 

Amino-acid Composition of Certain Leishmania Bodies j7 

Banerjee, Mrs. Gouri, Roy, Durlav K. and Ganguli, N. C. The 

Amino-acid Composition of Vibrio Cholerae Cells 5 j 

Banerjee, S. N. See Malakar, M. C. 



( iii ) 


[voL. XVI. i9j6 


PAGE 

Banerjee, S. N. and Guha, B. C. Thiamin Values of Pure-Bred Strains 

of Some Cereals and Pulses 3 ^ 

Bhowmik, D. N. See Ghosh, S. N., also Janah, Mrs. Sova. 

Bhuiyan, Md. a. M. and Ahmad, K. Studies on Antibiotic-Producing 

Microorganisms in East Pakistan Soils and their Antibiotics loi 

Chatterjee, B. R. See Janah, Mrs. Sova. 

Chatterjee, D. N. See Banerjea, A. 

Chatterjee, J. Action of Homologous and Autologous Serum and 

Plasma on the Growth of Cancer Cells in Tissue Culture 1 1 3 

Chatterjee, Jyotirmoy. A Comparative Study of the Cell Mobility 
in Tissue Culture: Fibroblasts treated with Methylcholanthrene 

and Phenanthrene 65- 

Chaudhuri, S. N. See Ghosh, S. N., also Janah, Mrs. Sova. 

Das, Sukumar and Niyogy, S. C. Bis-(p-dimethylaminophenyl)-imide 

as a Reagent for Characterization of Fatty Acids £ 

Ganguli, N. C. See Banerjee, Mrs Gouri. 

Ganguly, S. See Majumdar, Miss Nilima. 

Ghosh, S. N., Banerjee, Mrs. Gouri, Rudra, B. K. and Roy, A. N. 

Effect of Chloramphenicol on Normal Haemogram and Antibodies. . 4^ 

Ghosh, S. N., Chaudhuri, S. N. and Ray, J. C. Characterization of 

Urinary Proteose inTuberculosis 71 

Ghosh, S. N., Roy, M. K., Bhowmik, D. N. and Chaudhuri, S. N. 

Studies on the Nature of Renal Damage by Nephrotoxic Serum. . . 39 

Guha, B. C. See Banerjee, S. N. 

Guha Roy, U. K. See Mukerjee, S. 

Janah, Mrs. Sova, Bhowmik, D. N. and Chaudhuri, S. N. Turbidi- 

metric Determination of Protozoal Agglutination 23 

Janah, Mrs. Sova, Chatterjee, B. R., Bhowmik, D. N., Rudra, B. C. 
and Chaudhuri, S. N. A Colorimetric Method for the Estimation 

of Choline-esterase Activity in Erythrocytes 17 

Maitra, Pabitra Kumar. See Majumdar, Miss Nilima. 

Majumdar, Miss Nilima, Maitra, Pabitra Kumar, Ganguly, S. and 
Roy, S. C. Studies on the Nitrogen Utilization by a Pseudomonas 

species during the Synthesis of Riboflavin loj 

Malakar, M. C. and Banerjee, S. N, Studies on the Effect of Canning 
and Storage on the Nutritive Value of Some Common Vegetables. 

Part III. Changes in Ascorbic Acid Content of Cauliflower .... 29 

Mukerjee, S. and Guha Roy, U. K. Studies on Cholera-infection and 
Cholera-immunization. Part I. Attempts for Demonstration of 
Endotoxin and Agglutinogen of Vibrio Cbolerae in the Serum of 

Cholera Patients i 

Nath, R. L. and Ullah, R. A Study of Urease. Part I. Extraction 

of Active Urease 89 

Niyogy, S. C. See Das, Sukumar. 

Pramanick, K. See Banerjea, A. 


VOL. .\VI. 19J6] 


( iv ) 


PAGE 

PuRKAYASTHA, R. and Roy, S. C. Amino-acids in Human Uterine Tissue 


• • — ^Normal, Fibroid or Malignant 97 

PuRKAYASTHA, R. and Roy, S. C. Glycolytic Intermediates of Human 

Uterine Tissue — ^Normal, Fibroid or Malignant 93 

Ramamurti, K. Studies on Fish Flour 9 

Rao, M. N. See Subrahmanyan, V. 

Ray, ]. C. See Ghosh, S. N. 

Roy, a. N. See Ghosh, S. N. 

Roy, Durlav K. See Banerjee, Mrs. Gouri. 

Roy, Durlav, K. Ultraviolet Absorption of Fungal o-Amylase .... 1 1 7 


Roy, Durlav K. Isoelectric Point of Fungal u- Amylase 119 

Roy, Durlav K. Stability of Fungal a-Amylase 121 

Roy, Durlav K. Heat Stability of Fungal a-Amylase 1 1 1 

Roy, Durlav K. Effect of Ultraviolet Irradiation on the Activity of 

Fungal-a- Amylase 113- 


Roy, M. K. See Ghosh, S. N. 

Roy, S. C. See Majumdar, Miss Nilima, also Purkayastha, R. 

Rudra, B. C. See Janah, Mrs. Sova. 

Rudra, B. K. See Ghosh, S. N. 

Saha, Srish Kumar. A New Process for the Manufacture of Epbedrine 


Hydrochloride from Ephedra 109 

Swaminathan, M. See Subrahmanyan, V. 

Subrahmanyan, V., Rao, M. N. and Swaminathan, M. Studies on the 
Nutritive Value of Rice and Rice Diets. Part 1 . The Nutritive 
Value of Husked, Undermilled and Milled Raw Rice 81 

Ullah, R. See Nath, R. L. 


INDEX OF SUBJECTS 

Agglutination (protozoal), Turbidimetrie Determimation of (Janah, Bhowmik 
and Chaudhuri) 23 

Agglutinogen of Vibrio Cholerac in the Serum of Cholera Patients, Demonstration 
of (Mukerjee and Guha Roy) i. 

Amino-acid Composition of Certain Leishmania Bodies and Vibrio Cholerae Cells 
(Banerjee, Roy and Ganguli) 3^7, 61. 

Amino-acids in Human Uterine Tissue — Normal, Fibroid or Malignant 
(Purkayastha and Roy) 97. 

a-Amylase (Fungal), Heat Stability, Ultraviolet Irradiation, Ultraviolet Absorp- 
tion, Isoelectric Point and Stability of (Roy) iii, 113-, 117, 119, 121. 

Antibiotic-producing Micro-organisms in East Pakistan Soils and their Antibiotics 
(Bhuiyan and Ahmad) loi. 

Antibodies, Effect of Chloramphenicol on (Ghosh, Banerjee, Rudra and Roy) 
4J- 

Ascorbic Acid Content of Cauliflower, Changes in. Effect of Canning and Storage 
on tMalakar and Banerjee) 29. 



( V ) [vot. XVI. 1956 

,'-Bis-(p-climethylaminophenyl)-imide as a Reagent for the Characterization of 
Fatty Acids (Das and Niyogy) 

Cancer (jells in Tissue Culture, Action of Homologous and Autologous Serum 
and Plasma on the Growth of (Chatterjee) 113. 

Cell Mobility in Tissue Culture, a Comparative Study of (Chatterjee) 65-. 

Chloramphenicol, Effect of, on Normal Haemogram and Antibodies (Ghosh, 
Banerjee, Rudra and Roy) 45-. 

Cholera-infection and Cholera-immunization, Studies on (Mukerjee and Guha 
Roy) I . 

Choline-esterase Activity in Erythrocytes, a Colorimetric Method for the Estima- 
tion of (Janah, Chatterjee, Bhowmik, Rudra and Chaudhuri) 17. 

Drug Sensitivity Tests on E. Coli Strains of Gastro-Enteritis Cases (Banerjea and 
Banerjee) 73. 

Endotoxin of Vibrio Cholerac in the Serum of Cholera Patients, Demonstration 
of (Mukerjee and Guha Roy) i. 

Ephedrine Hydrochloride, a New Process of Manufacture of, from Ephedra 
(Saha) 109. 

Escherichia Coli (Certain Sero-types), Bacteriology of Gastro-Enteritis of Infants 
and Older Age-groups with Particular Reference to (Banerjea, Chatterjee 
and Pramanick) 49. 

Escherichia Coli from Cases of Gastro-Enteritis in Infants, Children and Adults, 
Drug Sensitivity Tests on (Banerjea and Banerjee) 73, 

Fatty Acids, Bis-(p-dimethylaminophenyl)-imide as Reagent for the Characteriza- 
tion for (Das and Niyogy) 5. 

Fibroblasts Treated Methylcholanthrene and Phenanthrene (Chatterjee) 65-. 

Fish Flour, Studies on (Ramamurti) 9. 

Fimgal a-Amylase, Heat Stability, Ultraviolet Irradiation, Ultraviolet Absorption, 
Isoelectric Point and Stability of (Roy) in, 11 3^, 117, 119, 121. 

Gastro-Enteritis Cases in Infants, Children and Adults, Drug Sensitivity Tests on 
E. Coli Strains from (Banerjea and Banerjee) 73. 

Gastro-enteritis of Infants and Older Age-groups, Bacteriology of, with Particular 
Reference to Certain Sero-types of E. Coli (Banerjea, Chatterjee and 
Pramanick) 49. 

Glycolytic Intermediates of Human, Normal, Fibroid or Malignant Uterine 
Tissue (Purkayastha and Roy) 93. 

Haemogram (Normal), Effect of Chloramphenicol on (Ghosh, Banerjee, Rudra 
and Roy) 43. 

Heat Stability of Fungal a-Amylase (Roy) 1 1 1 . 

Isoelectric Point of a-Amylase (Roy) 119. 

Leishmania Bodies, Amino-acid Composition of (Banerjee, Roy and Ganguli) 
S 7 - 

Micro-organisms (Antibiotic-producing) in East Pakistan Soils (Bhuiyan and 

Ahmad) i o i . 

Nephrotoxic Serum, Nature of Renal Damage by (Ghosh, Roy, Bhowmik and 
Chaudhuri) 39. 

Nitrogen Utihzation by a Pseudomonus species during the Synthesis of Riboflavin 



VOL. -Wl. 1956] 


( vi ) 


(Majumdar, Maitra, Ganguly and Roy) 10 s- 

Nutritive Value of Common Vegetables, Effect of Canning and Storage on 
(Malakar and Banerjee) 29. 

Nutritive Value of Husked, Undermilled and Milled Raw Rice (Subrahmanyan, 

Rao and Swaminathan) 81. 

Plasma (Homologous and Autologous), Action of, on the Growth of Cancer Cells 
in Tissue Culture (Chatterjee) 113. 

Protozoal Agglutination, Turbidimetric Determination of (Janah, Bhowmik and 
Chaudhuri) 23. 

Pseudomonas species. Nitrogen Utilization by a, during Riboflavin Synthesis 
(Majumdrr, Maitra, Ganguly and Roy) loy. 

Renal Damage by Nephrotoxic Serum, Nature of (Ghosh, Roy, Bhowmik and 
Chaudhuri) 39. 

Ribofiavin, Nitrogen Utilization by a Pseudomonas species during Synthesis of 
(Majumdar, Maitra, Ganguly and Roy) 10 £. 

Pxice (Husked, Milled and Undermilled), Nutritive Value of Raw (Subrahmanyan, 
Rao and Swaminathan) 8 1 . 

Scrum (Homologous and Autologous), Action on the Growth of Cancer Cells in 
Tissue Culture of (Chatterjee) 113. 

Stability of Fungal a-Amylase (Roy) 1 2 1 . 

Thiamin Values of Pure-Bred Strains of some Cereals and Pulses (Banerjee and 
Gulia) 35. 

'1 uberculosis, Characterization of Urinary Proteose in (Ghosh, Chaudhuri and 
Ray) 71, 

Tubidimetric Determination of Protozoal Agglutination (janah, Bhowmik and 
Chaudhuri) 2 3 . 

Ultraviolet Absorption of Fungal a-Amylase (Roy) 117. 

Ultraviolet Irradiation, Effect of, on the Activity of Fungal a-Amylase (Roy) 1 15. 

Urease (Active), Extraction of (Nath and Ullah) 89. 

Urinary Proteose in Tuberculosis, Characterization of (Ghosh, Chaudhuri and 
Ray) 71. 

Uterine Tissue (Human — Normal, Fibroid Malignant), Glycolytic Intermediates 
of and Amino-acids in (Purkayastha and Roy) 93, 97. 

Vibrio Cholearc Cells, Amino-acid Composition of (Banerjee, Roy and Ganguli) 
61 . 



Annals of Biochemistry 
and Experimental Medicine 

Volume XV, 1955 

Editors 

P. K. Bose B. N. Ghosh B. C. Guha J. C. Ray S. C. Roy 

Ranchi Calcutta Calcutta Calcutta Calcutta 

IN CONJUNCTION WITH 

B.AHMAD-Lahore K.AHMAD-Dacca R.AHMED-Calcutta K.N.BAGCHI-Calcutta 

J. C.BANERJEA-Calcutta S.BANERJEE-Calcutta K.C.BASAK-Calcutta 

K. P.BASU-Bangalore N.M.BASU-Calcutta D.CHAKRAVARTI-Calcutta 
K.C.GHAUDHURI-Calcutta SUJATA CHAUDHURI-Delhi M.DAMODARAN- 
Poona N.B.DAS-NewDelhi S.DATTA-Galcutta M.N.DE-Calcutta J.C.GHOSH- 
Calcutta K.V.GIRI-Bangalore S.D.S.GREVAL-Calcutta R.E.HEILIG-Jaipur 
M.O.T.IYENGAR-Calcutta K.V.KRISHNAN-Calcutta P.KUTUMBIA- Vellore 
JIVRAJ N.MEHTA-Bombay M.N.LAHIRI-Calcutta V.S.MANGALIK-Lucknow S. 
MITRA-CalcuttaB.MUKERJI-Lucknow M.C.NATH-Nagpur S.C.NEOGY-Calcutta 
R.K.PAL-Calcutta NARAYAN RAO-MadrasH.N.RAY-Calcutta D.N.ROY-Calcutta 
G.SANKARAN-Pimpri P.S.SARMA-Madras S.C.SEAL-CalcuttaK.C.SEN-Bangalore 
P.B.SEN-Calcutta D.L.SHRIVASTAVA-Lucknow A.SREENIVASAN-Bombay 

V.SUBRAHMANYAN-Mysore A.C.UKIL-Calcutta 

ASSISTANT EDITORS 

A. K. BANERJEE S. N. CHAUDHURI A. N. ROY 



PUBLISHED QUARTERLY UNDER THE AUSPICES OF THE 
INDIAN INSTITUTE FOR MEDICAL RESEARCH, CALCUTTA. 



Volume XV, 19SS 
CONTENTS 


PAGE 

1. Use of Detergents in the Isolation of Single Cell by Serial 

Dilution Method. D. C. Mazumdar and S. K. Bose i 

2. Amino-acid Composition of Prothrombin, Thrombin and 
Fibrinogen. Gauranga Raj^ N. C. Ganguli and S. C. Roj .... ii 

3. Studies on the Effect of Canning and Storage on the Nutri- 
tive Value of some Common Vegetables. Part II. Changes 
in the Nutritive Value of Parwar (Trichosanthes dioica^ Roxb.). 

M. C. /lla/aiar and S. N.Banerjee 19 

4. Functional Behaviour of Haemoglobin in Toxaemias of 

Later Months of Pregnancy. A. P. Chakravaity, S. C. Bose, 

A. K. Saha and S. C. Roy 29 

Serological Reactions of Crystalline Fungal o-Amylase and 
o-Amylases from Other Sources. Durlav K. Roy and Ashim 
Prakash Chakravany 37 

6. Thiamin Contents of some Indian Foodstuffs. Part I. 

Estimation by the Thiochrome Method, using Visual 
Procedure for the Comparison of Fluorescence. iV. G. C, 
lenger, V. Jayaraman and Y. V. S. Rau 41 

7. Thiamin Contents of some Indian Foodstuffs. Part II. 

Studies on Thiamin Content of a few Leguminous Seeds 
DURING Germination. N. G. C, lenger, V. Jayaraman and 

Y. V. S. Rau 49 

8. Some Preliminary Observations on the Haemagglutination 

Test FOR Leprosy. A. N. Roy diXid Gouri Banerjee SS 

9. A Synthetic Homologue of Pteroic Acid and its Effect on 

Streptococcus Jaccalis R. Prabhat Ranjan Pal and S. C. Roy .... £9 

10. Effect of Some Salts and .Vitamins on the Activity and 

Stabilization of Fungal o-Amylase. Durlav K. Roy 63 

1 1 . Inhibitory Effect on Some Compounds on Fungal o-Amylase. 

Durlav K. Roy 65' 

12. Effect of Glycine or Choline Chloride on the Excretion of 

Homogentisic Acid by the Tyrosine-fed and Scorbutic Guinea- 
pigs. M. C. Malakar and S. N. Banerjee 69 

13. Gammexane in the Treatment of Argulus and Fish Leech 

Infection in Fish. K. C. Saha and D. P. Sen 71 

14. Effect of Acetoacetate on Glycogen Synthesis by the Surviv- 
ing Rat Diaphragm. V. G. Hatwalne, D. B. Motlag and M. C. 

Nath 73 

i£. Amino-acid Content of Pure Strains of Indian Pulses. 

Part I. Methionine, Cystine and Tryptophane. Y. P. Gupta 
and N, B, Das JS 



VOL. XV. I9fj] 


( ii ) 


PAGE 

1 6. Effect of Anti-serum on Bacterial Adaptation. B. R. 

Chatterjee and 5. N. Chaudhuri 79 

17. Studies on the Analogues of Pteroylglutamic Acid and Allied 

Compounds. Part I. Analogues Containing Arsenic. Sudbamaj 
Ghosh and S. C. Roj 93 

18. Temperature and pH Optima of o-Amylase from Aspergillus oryzae. 

Durlav K. Roy 

19. Thiamin Values of Pure-bred Strains of Rice. S. N. Banerjee 

andB. C. Guha 103 

20. A Preliminary Investigation on the Complement-Fixation 

Reaction in Dermal Leishmaniasis. A. N. Roy and Gouri 
Banerjee 109 

? 1 . Effect of Chloretone on some B-Vitamin Reserves in the Liver 

Tissue of Rats. N. C. Ganguli, S. Ganguly and S. C. Roy 1 1 3 

?2. Effect of the Induced Breakdown of Adenosine-Ttriphos- 
PHATE ON THE TISSUE RESERVE OF AsCORBIC AciD UNDER DIFFERENT 
Conditions OF Animals. N. C. Ganguli and S. C. Roy 115^ 

23. Studies on Boerhaavia dijjusa, Linn. Effect on Diuresis and 

SOME Renal Enzymes. Miss Anubha Chawdhury and P. B. Sen ... 1 19 

24. Studies on Antifungal Antibiotics. Part 111 . Optimum Con- 

ditions FOR Antibiotic Production by Bacillus subtilis. S. K. 
Majumdar andS.K.Bose 127 

25. Use of Sodium Amytal in the Transport of Fry of Indian Major 

Carps. K. C. Saha^ D. P. Sen and S. M. Banerjee 133 

26. Formation OF Amylases BY ylsper^i/Zus o^'zoe. Durlav K. Roy ... 13^ 

27. Riboflavin Level of the Blood of Normal Indian Male Adults 

AND THE Effect of Administration of Large Dose of this 
Vitamin on it. H. N. De^ P. Datta (Jr.) and P. N. Mankad .... 137 

28. Effect of Vitamin Bi„ on some Enzyme Systems in the Liver 

OF Normal and Carbon Tetrachloride Treated Rats. Md. M. 
Rahman and K. Ahmad 1^3 

29. Amino-acid Composition of some Indian Pulses: Quantitative 

Determination by Paper Chromatography. Sakti Prasad 
Bagchi, N. C. Ganguli and S. C. Roy 149 

30. Production of Penicillin avith Protein Sources other than 

Corn-steep Liquor. R. Purakayastha and Durlav K. Roy i 

31. The Relation of Vitamin Bjg with Thiamin, Riboflavin and 

Nicotinic Acid. R. V. Bbagivat and Kamala Sohonie 161 

32. Precursor of Nicotinic Acid in Groundnut. R. V.Bhagwat 

and Kamala Sohonic .169 

33. A New Antibiotic-Producing Streptomyces Sp. from a Local 

Soil Sample. K. Ahmad ^ Manoranjan Dc and A. K. M. Mabbubur 
Rahman 

34 * Effect of the Nature and Levels of Dietary Fat on the Utiliza- 
tion of Vitamin A by Albino Rats. /. B. Chatterjee 1 8 1 



( iii ) 


[vOL. XV. 19 <rj 


PAGE 

3^. Studies on the Biosynthesis of /-Ascorbic Acid by the Rat; 

Effect of Pantothenic Acid Deficiency on the Synthesis 
Stimulated by Chloretone. Cora Chand Chatterjce, S. C. Roy 
andB. C. Guha 19 1 

36. Effect of the Single Deficiency of Riboflavin, Thiamin and 
Folic Acid on the Concentration of Different Phosphate 
Esters in the Liver Tissue of Rats. Goto Chand Chatter jee, 

S. C. Roy andB. C. Guha i9£- 

37. A Study of the Cell and Nuclear Size in Tissue Culture Fibro- 

blasts Treated with Methylcholanthrene. Jyotirmoy 
Chatter jee 199 

38. A New Method for the Preparation of Diasone and Study of 

SOME OF ITS Properties. S. Pattabi Raman and S. C. hJiyogy . . . 207 

39. Studies on the Production of Vitamin by Streptomyces 

ohvaceus. Pabitra Kumar Alaitra^ Subrata Ganguly and S. C. Roy ... 21 1 

40. A New Riboflavin-Producing Bacterium. Part I. Its Identi- 
fication and Characterization. Subrata Ganguly 213- 

41. On THE Method of Methylene Blue Reduction. S. N. Chaudhuri 

andB. R. Chatter jee 219 

INDEX OF AUTHORS 
Ahmad, K. See Rahman, Md. M. 

Ahmad, K., De, Manoranjan and Rahman, A. K. M. Mahbubur. 

A New Antibiotic-Prodocing Streptomyces Sp. from a Local Soil. . . 173^ 

Bagchi, Sakti Prasad, Ganguli, N. C. and Roy, S. C. Amino-acid 
Composition of some Indian Pulses : Quantitative Determina- 
tion by Paper Chromatography 149 

Banerjee, Gouri. See Roy, A. N. 

Banerjee, S. M. See Saha, K. C. 

Banerjee, S. N. See Malakar, M. C. 

Banerjee, S. N. and Guha, B. C. Thiamin Values of Pure-bred Strains 

of Rice 103 

Bhagwat, R. V. and Sohonie, Kamala. The Relation of Vitamin B^, 

with Thiamin, Riboflavin and Nicotinic Acid 1 6 1 

Bhagwat, R. V. and Sohonie, Kamala. Precursor of Nicotinic Acid in 

Groundnut 169 

Bose, S. C. See Chakravarty, A. P. 

Bose, S. K. See Majumdar, S. K. and Mazumdar, D. C. 

Chakravarty, Ashim Prakash (A. P.). See Roy, Durlav K. 

Chakravarty, A, P., Bose, S. C., Saha, A. K. and Roy, S. C. Func- 
tional Behaviour of Haemoglobin in Toxaemias in Later Months 

of Pregnancy 29 

Chatterjee, B. R, See Chaudhuri, S. N. 



VOL. XV. 1955] 


( iv ) 


Chatterjee, B. R. and Chaudhuri, S. N. Effect of Anti-serurn on 
Bacterial Adaptation 

Chatterjee, Gora Chand, Roy, S. C. and Guha, B. C. Studies on the 
Biosynthesis of 7-Ascorbic Acid by the Rat: Effect of Pantothenic 
Acid Deficiency on the Synthesis Stimulated by Chloretone 
Chatterjee, Gora Chand, Roy, S. C. and Guha, B. C. Effect of the 
Single Deficiency of Riboflavin, Thiamin and Folic Acid on the 
Concentration of Different Phosphate esters in the Liver tissue 
of Rats 

Chatterjee, I. B. Effect of the Nature and Levels of Dietary Fat on the 
Utilization of Vitamin A by Albino Rats 
Chatterjee, Jyotirmoy. A Study of Cell and Nuclear Size in Tissue 

Culture Fibroblasts Treated vrith Methylcholanthrene 

Chaudhuri, S. N. See Chatterjee, B. R. 

Chaudhuri, S. N. and Chatterjee, B. R. On the Method of Methylene 
Blue Reduction 

Chawdhury, Miss Anubha and Sen, P. B. Studies on Boerhaav, a diffusa 

Linn. Effect on Diuresis and some Renal Enzymes 

Das, N. B. See Gupta, Y. P. 

Datta, P. (Jr.)- See De, H. N, 

De, H. N., Dutta, P. (Jr.) and Mankad, P. N, Ribofalvin Level of the 
Blood of Normal Indian Adults and the Effect of Administration 

of large Dose of this Vitamin on it 

De, Manoranjan. See Ahmad, K. 

Ganguli, N. C. See Bagchi, Sakti Prasad and Ray, Gauranga. 
Ganguli, N. C., Ganguly, S. and Roy, S. C. Effect of Chloretone on 
some B-Vitamin Reserves in the Liver Tissue of Rats 
Ganguli, N. C. and Roy, S. C. Effect of Induced Breakdown ' of 
Adenosine-triphosphate on the Tissue Reserve of Ascorbic Acid 

under Different Conditions of Animals 

Ganguly, Subrata (S.). See Ganguli, N. C. and Maitra, Pabitra 
Kumar. 

Ganguly, Subrata (S.). A New Riboflavin-producing Bacterium. Part I 

Its Identification and Characterization 

Ghosh, Sudhamay and Roy, S. C. Studies on the Analogues of 
Pteroylglutamic Acid and Allied Compounds. Part I. Analogues 

containing Arsenic 

Guha, B. C. See Banerjee, S. N. and Chatterjee, Gora Chand. 
Gupta, Y. P. and Das, N. B. Amino-acid Content of Pure Strains of 
Indian Pulses. Part 1. Methionine, Cystine and Tryptophane 
Hatwalne, V. G., Motlag, D. B. and Nath, M. C. Effect of 
Acetoacetate on Glycogen Synthesis by the Surviving Rat 

Diaphragm 

Ienger, N. G. C., Jayaraman, V. and Rau, Y. V. S. Thiamin Contents 
of some Indian Foodstuffs. Part I. Estimation by the Thiochrome 


PAGE 

79 

191 

I9I 

181 

199 

219 

119 

137 

113 

21S 

93 

7S 

73 



( V ) 


[voL. XV. 1955 


PAGE 

Method, using Visual Procedure for the Comparison of Fluorescence . 41 

Ienger, N. G. C., Jayaraman, V. and Rau, Y. V. S. Thiamin Contents 
of some Indian Foodstuffs. Part II. Studies on Thiamin Content 

of a few Leguminous Seeds during Germination 49 

Jayaraman, V. See Ienger, N. G. C. 

Maitra, Pabitra Kumar, Ganguly, Subrata and Roy, S. C. Studies 

on the Production of Vitamin Bjg bj Streptomjces olivaceus. ... 2 1 1 

Majumdar, S. K. and Bose, S. K. Studies on Antifungal Antibiotics. 

Part III. Optimum Conditions for Antibiotic Production by 

Bacillus subtilis 127 

Malakar, M. C. and Banerjee, S. N. Studies on the Effect of Canning 
and Storage on the Nutritive Value of some Common Vegetables. 

Part II. Changes in the Nutritive Value of Parwar (Trichosanthes 

dioica^ Roxb.) 19 

Malakar, M. C. and Banerjee, S. N. Effect of Glycine or Choline 
Chloride on the Excretion of Homogentisic Acid by the Tyrosine- 

fed and Scorbutic Guinea-pigs 69 

Mankad, P. N. See De, H. N. • 

Mazumdar, D. C, and Bose, S. K. Use of Detergents in the Isolation 

of Single Cell by Serial Dilution Method i 

Moltag, D. B. See Hatwalne, V. G. 

Nath, M. C. See Hatwalne, V. G. 

Niyogi, S. C. See Raman, S. Pattabi. 

Pal, Prabhat Ranjan and Roy, S. C. A Synthetic Homologue of Pteroic 

Acid and its Effect on Streptococcus Jaecalis R 59 

Purakayastha, R. and Roy, Durlav K. Production of Penicillin with 

Protein Sources other than Com-steep Liquor 155 

Rahman, A. K. M. Mahbubur. See Ahmad, K. 

Rahman, Md. M. and Ahmad, K. Effect of Vitamin Bj, on some Enzyme 

Systems in the Liver of Normal and Carbon Tetrachloride treated Rats 143 
Raman, S. Pattabi and Niyogy, S. C. A New Method for the Prepara- 
tion of Diasone and Study of some of its Properties 207 

Rau, Y.V. S. See Ienger, N. G. C. 

Ray, Gauranga, Ganguli, N. C. and Roy, S. C. Amino-acid Composi- 
tion of Prothrombin and Fibrinogen 1 1 

Roy, a. N. and Banerjee, Gouri. Some Preliminary Observations on the 

Haemagglutination Test for Leprosy 55 

Roy, a. N. and Banerjee, Gouri. A Preliminary Investigation on the 

Complement-fixation Reaction in Dermal Leishmaniasis 109 

Roy, Durlav K. See Purakayastha, R. 

Roy, Durlav K. Temperature and pH Optima of a-Amylase from 

Aspergillus orjzae loi 

Roy, Durlav K. Formation of Amylases by Aspergillus oryzae 135 

Roy, Durlav K. Effect of some Salts and Vitamins on the Activity and 

Stabilization of Fungal a-Amylase 63 



VOL. XV. 13 ss] 


( Vi ) 


Roy, Durlav K. Inhibitory Effect of some Compounds on Fungal 
a-Amylase ° 

Roy, Durlav K. and Chakravatry, Ashim Prakash (A. P.). Serological 
Reactions of Crystalline Fungal a-Amylase and a-Amylases from 
other Sources 

Roy, S. C. See Bagchi, Sakti Prasad, Chakravarty, A. P., 
Chatterjee, Gora Chand, Ganguli, N. C., Ghosh, Sudhamay, 
Maitra, Pabitra Kumar, Pal, Probhat Ranjan and Ray, 
Gauranga 

Saha, A. K. See Chakravatry, A. P. 

Saha, K. C. and Sen, D. P. Gammexane in the Treatment of Argulus 
and Fish Leech Infection in Fish 

Saha, K. C., Sen, D. P. and Banerjee, S. M. Use of Sodium Amytal in 
the Transport of Fry of Indian Major Carps 

Sen, D. P. See Saha, K. C. 

Sen, P. B. See Chawdhury, Miss Anubha. 

SoHONiE, Kamala. See Bhagwat, R. V. 


INDEX OF SUBJECTS 

Acetoacetate, Effect of, on Glycogen Synthesis by Surviving Rat Diaphragm 
(Hatwalne, Motlag and Nath) 73. 

Adenosine-triphosphate, Effect of the Induced Breakdown of, on the Tissue 
Reserve of Ascorbic Acid under Different Conditions of Animals (Ganguli 
and Roy) 1 1 

Amino-acid Composition of some Indian Pulses, Quantitative Determination of, 
by Paper Chromatography (Bagchi, Ganguli and Roy) 149. 

Amino-acid Content (Methionine, Cystine and Tryptophane) of pure Strains of 
Indian Pulses (Gupta and Das) 

a-Amylase (Crystalline fungal) and a-Amylases from other Sources, Serological 
Reactions of (Roy and Chakravarty) 37. 

a-Amylase (fungal). Effect of some Salts and Vitamins on the Activity and Stabiliza- 
tion of (Roy) 63. 

a-Amylase (fungal). Inhibitory Effect of some Compounds on (Roy) Gg. 

a-Amylase from Aspergillus Orjzae, Temperature and pU Optima of (Roy) i o i . 

Amylases, Formation of, by Aspergillus Orjzae (Roy) 135'. 

Antibiotics (Antifungal), Optimum Conditions for the Production of, hy Bacillus 
Subtilis (Majiumdar and Bose) 127. 

Antibiotic-Producing (a new) Streptomyces Sp. from a Local Soil Sample (Ahmad 
and Rahman) 173^. 

Anti-serum, Effect of, on Bacterial Adaptation (Chatterjee and Chaudhuri) 79. 

Argulus Infection in Fish, Treatment of, by Gammexane (Saha and Sen) 7 1 . 

Ascorbic Acid, Tissue Reserve of, under Different Conditions of Animals, Effect 



( vii ) [voL. XV. 13SS 

of Induced Breakdown of Adenosine-triphosphate on (Ganguli and Roy) 

7 -Ascorbic Acid, Biosynthesis of, by the Rat (Chatterjee, Roy and Guha) 19 1. 

Aspergillus Orjzae, Formation of Amylases by (Roy) 135-. 

Aspergillus Oryzae, Temperature and pH Optima of a- Amylase from (Roy) loi. 

Bacterial Adaptation, Effect of Anti-serum on (Chatterjee and Chaudhuri) 79. 

Bacillus SubtiliSj Optimum Conditions for Antibiotic Production, by (Majumdar 
and Bose) 127. 

Boerhaavia diffusa Linn., Effect of, on Diuresis and some Renal Enzymes 
(Chawdhury and Sen) 119. 

Blood of the Normal Indian Adult, Riboflavin Level of, and Administration of a 
large dose of this Vitamin on it (De, Datta and Mankad) 137. 

Carbon Tetrachloride Treated Rats, Effect of Vitamin Bjg on some Enzyme 
systems in the Liver of (Rahman and Ahmad) 143. 

Chloretone, Effect of, on some B-Vitamin Reserves in Liver Tissue of Rats 
(Ganguli, Ganguly and Roy) 113. 

Chloretone, Effect of Pantothenic Acid Deficiency on the Synthesis of 7 -Ascorbic 
Acid, Stimulated by (Chatterjee, Roy and Cuba) 191. 

Complement-fixation Reaction in Dermal Leishmaniasis, Preliminary Investiga- 
tion on (Roy and Banerjee) 109. 

Com-steep Liquor, Production of Penicillin with Protein Sources other than 
(Purakayastha and Roy) 1 1 5. 

Dermal Leishmaniasis, Complement-fixation Reaction in (Roy and Banerjee) 109. 

Detergents, Use of, in the Isolation of Single Cell by Serial Dilution Method 
(Mazumdar and Bose) i . 

Diasone, a New Method of Preparation and some Properties of (Raman and 
Niyogy) 207. 

Dietary Fat, Effect of the Nature and Levels of, on the Utilization of Vitamin A by 
Albino Rats (Chatterjee) 181. 

Diuresis, Effect of Boerhaavia diffusa, Linn., on (Chawdhury and Sen) 119. 

Enzyme Systems in the Liver of Normal and Carbon Tetrachloride treated Rats, 
Effect of Vitamin Bjj on some (Rahman and Ahmad) 143. 

Fibrinogen, Amino-acid Composition of (Ray, Ganguli and Roy) 1 1 . 

Fibroblasts, Tissue Culture, Treated with Methylcholanthrene, Cell and Nuclear 
Size in (Chatterjee) 199. 

Fish Leech Infection in Fish, Treatment of, by Gammexane (Saha and Sen) 71. 

Folic Acid, Effect of Single Deficiency of, on the Concentration of Different 
Phosphate-esters in Liver Tissue of Rats (Chatterjee, Roy and Guha) 195. 

Fry of Indian Major Carps, Use of Sodium Amytal in the Transport of (Saha, Sen 
and Banerjee) 133. 

Gammexane in the Treatment of Argulus and Fish Leech Infection in Fish (Saha 
and Sen) 7 1 . 

Glycine (or Choline) Chloride, Effect of, on the Excretion of Homogentisic Acid 
by the Tyrosine-fed and Scorbutic Guinea-pigs (Malakar and Banerjee) 69. 

Glycogen Synthesis by the Surviving Rat Diaphragm, Effect of Acetoacetate on 
(Hatwalne, Motlag and Nath) 73. 



VOL. XV. I9Jj] 


( Viii ) 


Ground-nut, Precursor of Nicotinic Acid in (Bhag^vat and Sohonie) 169. 

Haemagglutination Test for Leprosy, Preliminary Observations on (Roy and 
Banerjee) 55. 

Haemoglobin, Functional Behaviour of, in Toxaemias of Later Months of Preg- 
nancy (Chakravarty, Bose, Saha and Roy) 29. 

Homogentisic Acid, Effect of Glycine or Choline Chloride on the Excretion of, 
by the Tyrosine-fed and Scorbutic Guinea-pigs (Malakar and Banerjee) 69. 

Indian Foodstuffs, thiamin contents of (lenger, Jayaraman and Rau) 41. 

Leguminous Seeds (a few) during Germination, Thiamin Content of (lenger, 
Jayaraman and Rau) 49. 

Leprosy, Haemagglutination Test for (Roy and Banerjee) sS- 

Methylcholanthrene, Cell and Nuclear Size in Tissue Culture Fibroblasts, Treated 
with (Chatterjee) 199. 

Methylene Blue Reduction, Method of (Chaudhuri and Chatterjee) 219. 

Nicotinic Acid, Relation of Vitamin B12, with (Bhagwat and Sohonie) 1 6 1 . 

Nicotinic Acid in Ground-nut, Precursor of (Bhagwat and Sohonie) 169. 

Nutritive Value of Parwar (Trichosanthes dioica, Roxb.), Changes in the (Malakar 
and Banerjee) 19. 

Pantothenic Acid Deficiency, Effect of, on the /-Ascorbic Acid Synthesis Stimu- 
lated by Chloretone (Chatterjee, Roy and Guha) 191. 

Paper Chromatography, Quantitative Determination of Amino-acid Composi- 
tion of some Indian Pulses by (Bagchi, Ganguli and Roy) 149. 

Parwar (Trichosanthes dioica, Roxb.), Changes in the Nutritive Value of (Malakar 
and Banerjee) 19. 

Penicillin, Production of, with Protein Sources other than Corn-steep Liquor 
(Purakayastha and Roy) iss- 

Phosphate-esters in the Liver Tissue of Rats, Effect of the Single Deficiency of 
Riboflavin, Thiamin and Folic Acid on the Concentration of Different 
(Chatterjee, Roy and Guha) 195'. 

Precursor of Nicotinic Acid in Ground-nut (Bhagwat and Sohonie) 169. 

Prothrombin, Amino-acid Composition of (Ray, Ganguli and Roy) ii. 

Pteroic Acid, a Synthetic Homologue of, and its Effect on Streptococcus Jaecalis R. 
(Pal and Roy) 59 - 

Pteroylglutamic Acid and Allied Compounds containing Arsenic, Analogues of 
(Ghosh and Roy) 93. 

Pulses Indian, Quantitative Determination of the Amino-acid Composition of 
some, by Paper Chromatography (Bagchi, Ganguli and Roy) 149. 

Pulses (Indian, pure Strains), Amino-acid Contents of (Gupta and Das) 75. 

Renal Enzymes, Effect ofBoerhaavia diffusa, Linn., on (Chawdhury and Sen) 1 19. 

Riboflavin Effect of the Single Deficiency of, on the Concentration of a Different 
Phosphate-esters in the Liver Tissue of Rats (Chatterjee, Roy and Guha) 19^-. 

Riboflavin Level of the Blood of Indian Male Adults and the Effect of Administra- 
tion of Large Dose of this Vitamin on it (De, Datta and Mankad) 137. 

Riboflavin-Producing Bacterium, a New, its Identification and Characterization 


(Ganguly) 215. 

Riboflavin, Relation of Vitamin B,, with (Bhag^vat and Sohonie) 1 6 1 , 



( ix ) [vOL. XV. 19^^ 

Serial Dilution Method, Use of Detergents in the Isolation of Single Cell, by 
(Mazumdar and Bose) i. 

Serological Reactions of Crystalline Fungal a-Amylase and a-Amylases from other 
Sources (Roy and Chakravarty) 37. 

Sodium Amytal, Use of, in the Transport of Fry of Indian Major Carps (Saha, Sen 
and ^Aerjee) 133. 

Streptoaf^msjaecalis R., Effect of a Synthetic Homologue of Pteroic Acid on 
’^al and Roy) 59. 

Streptomjces Olivaceus, Production of Vitamin Bjj by (Maitra, Ganguly and Roy) 
21 1. 

Stretpomjces Sp. (a New Antibiotic-Producing), from a Local Soil Sample 
(Ahmad, De and Rahman) 175^. 

Thiamin Contents of Indian Foodstuffs (lenger, Jayaraman and Rau) 41, 49. 

Thiamin, Effect of the Single Deficiency of, on the cMcentration of Different 
Phosphate-esters in the Liver Tissue of Rats (Chatterjee, Roy and Guha) 
19 ^- 

Thiamin, Relation of Vitamin Bjj with (Bhagwat and Sohonie) 161. 

Thiamin Values of Pure-bred Strain of Rice (Banerjee and Guha) 103. 

Thiochrome Method for the Estimation of Thiamin in Indian Foodstuffs, using 
Visual Procedure for the Comparison of Fluorescence (lenger, Jayaraman 
and Rau) 41. 

Thrombin, Amino-acid Composition of (Ray, Ganguli and Roy) 11. 

Tissue Culture Fibroblasts Treated with Methylcholanthrene, a Study of the Cell 
and Nuclear Size in (Chatterjee) 199. 

Tissue Reserve of Ascorbic Acid under Different Conditions of Animals, Effect 
of the Induced Breakdown of Adenosine-triphosphate on (Ganguli and Roy) 
iij. 

Toxaemias of Later Months of Pregnancy, Functional Behaviour of Haemoglobin 
in (Chakravarty, Bose, Saha and Roy) 29. 

Vitamin A, Effect of the Nature and Levels of Dietary Fat on the Utilization of, 
by Albino Rats (Chatterjee) 181. 

Vitamin B Reserves in Liver Tissues of Rats, Effect of Chloretone on some 
(Ganguli, Ganguly and Roy) 113. 

Vitamin B^j, Effect of, on some Enzyme Systems in the Liver of Normal and 
Carbon Tetrachloride treated Rats (Rahman and Ahmad) 143. 

Vitamin B^g, Production of, by Streptomyces Olivaceus (Maitra, Ganguly and Roy) 
21 1. 

Vitamin B^j, Relation of, with thiamin. Riboflavin and Nicotinic Acid (Bhagwat 
and Sohonie) 1 6 1 . 





